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THE ERYTHROCYTE SEDIMENTATION RATE IN 
DISEASES OF THE HEART? 


By PAUL WOOD 
(From the National Hospital for Diseases of the Heart) 


Ir is recognized that the sedimentation rate is of value in studying the 
progress of cases of rheumatic carditis (1, 2, 3, 4, 5); there is good evidence 
that it is normal (3, 9, 13) when the rheumatic process is inactive, and 
increased when activity is present (5). 

Danzer (8) found that the sedimentation rate is increased in cases of syphilitic 
aortitis, and claimed that it approached normal after specific treatment. 

Rabinowitz, Shookhoff, and Douglas (6) reported ten cases of coronary 
thrombosis with increased sedimentation rates. This is in accordance with 
the more recent work of Burak (7) and others (25). There is evidence that 
it is of value in following the progress of these cases. 

Tshernozatonskaia (11) studied 97 subjects with thyrotoxicosis and found 
an increased sedimentation rate in all of them. He considered that it could 
be used as a guide to the degree of activity of the thyroid gland. Hunt (10) 
reported variable sedimentation rates in forty-six cases of hyperthyroidism. 
Mora and Gault (12) noted an increased sedimentation rate in all of their 
thirty cases, but found no correlation between it and the basal metabolic 
rate. This was noticeable after thyroidectomy and after treatment with 
iodine. They concluded that the measurement was valueless in cases of 
thyrotoxicosis. 

Reports concerning the sedimentation rate in relation to hypertensive 
heart disease also differ. Hunt (10) found that it was usually increased, 
and suggested that this might be due to impairment of renal function, for 
Fahr and Swanson (21) found that the plasma fibrin was increased in all 
forms of renal disease, and Fahraeus (18) showed that the suspension 
stability of the red-blood cells depended upon the globulin content of the 
plasma, and in particular upon the fibrin fraction. On the other hand, 
Cutler (9) reported normal sedimentation rates in hypertensive cases, and 
Gram (15) considered that increased rates were unusual, and if present were 
due to infective complications or to pulmonary hypostasis. Vickers and 
Duryee (13) found fast sedimentation rates in eight cases of arterio- 
sclerosis. 

1 Received July 26, 1935. 
[Q.J.M. New Series No. 17) B 
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The present investigation was conducted at the National Hospital for 
Diseases of the Heart during a period of one year commencing May, 1934. 
The objective was the study of the sedimentation rates in all types of heart 
disease and in heart failure. The results are now reported. 

The technique described by Westergren (14) was used in all cases, and 
readings were taken after one, two, and twenty-four hours. When the 
initial sedimentation rate was increased, or when changes were expected, 
and in cases of congestive heart failure, readings were repeated at weekly 
intervals. If these did not differ materially, the average sedimentation 
rate is reported; in the other cases maximum and minimum readings are 
given, accompanied by an explanatory note, indicating whether these repre- 
sent the initial and final sedimentation rates or otherwise. In addition 
a number of graphs are shown which illustrate more fully the behaviour of 
the sedimentation rate in various types of heart disease. 


TABLE [ 


Normal Controls 


" 


Age. Haemoglobin. Sedimentation rate. 


% 1 hr. 2 hrs. 
37 101 3 15 
14 98 i 3 
50 70 2 6 
22 3 8 
40 3 9 
40 4 15 
46 6 15 
43 2 5 
34 5 14 
21 5 8 

3 

6 

5 

5 

4 

‘| 

2 

7 

4 

4 


Q 
OW WR Om doe 4 


10 9 
58 15 
50 14 

8 12 
16 12 
25 16 
34 6 
53 19 
14 12 


11 


F 
M 
F 
F 
F 
M 
M 
M 
F 
F 
F 
F 
M 
M 
F 
F 
M 
F 
M 


Average 


Cases with any form of intercurrent infection have been excluded, except 
in special instances when the infection is pointed out. Haemoglobin values 
were estimated by means of a Dare electric haemoglobinometer, and cases 
with a red-cell count of under four million, or a haemoglobin value of 
under 70 per cent., have been excluded, again excepting special instances 
when the red-cell count or haemoglobin value is given. Westergren (14) 
considered that slight grades of anaemia could be disregarded for practical 
purposes. Definite anaemia, however, raises the sedimentation rate, and 
Gram (15) made out a table whereby readings could be corrected according 
to the haemoglobin value. Several workers, notably Gram (16), Ernstene 
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(17), and Rees Walton (20), have described methods for correcting the 
sedimentation rate in cases of anaemia by means of the blood count and an 
appropriate table. No corrections have been made in this report, but the 
haemoglobin values are given in the majority of cases. The urea clearance 
test of van Slyke was used as a measure of renal function, and the result 
has been expressed as a percentage of normal. The sedimentation rate of 
female patients was not measured immediately prior to, or during the first 
two days of, menstruation, because slightly raised rates may occur normally 
at this time (10, 20, 22). Actually it is doubtful if the premenstrual rise 
ever exceeds the limits of normal as allowed for women (19). 

Controls (see Table I). Nineteen cases, admitted for investigation, were 
found to have no organic heart disease. They fall into the group labelled 
Cardiac Neurosis and were used as controls. The average sedimentation 
rate was 4, 11, and 62, in one, two, and twenty-four hours, respectively. 
The one-hour readings ranged between 1 and 7, the two-hour between 3 and 
19, the twenty-four hour between 32 and 74. Women tended to give faster 
rates than men. 

Congestive heart failure. Twenty-two cases of congestive heart failure 
were studied. They were unselected and represent various types of cardiac 
pathology. All but one were treated with salyrgan, and the average loss of 
body-weight was 1 st.3 lb. The sedimentation rate was measured on the 
patient’s admission and thereafter at weekly intervals. 

Table II shows the initial rates at the height of failure and the final rates 
when the signs of congestion had cleared up and when the patients were 
clinically better. The corresponding body-weights are also given, unless the 
patient was too ill to be weighed. In some cases congestive failure 
developed while the patient was in hospital, and in these instances the 
initial reading is charted in the second column, and the later sedimentation 
rate, taken at the height of failure, in the first column. 

It will be seen that with one exception, the sedimentation rate in con- 
gestive failure was slower than when the failure had been overcome; and 
that in some instances these latter rates were fast, notably in cases of 
rheumatic carditis. Charts are shown illustrating the behaviour of the 
sedimentation rate in cases of congestive heart failure. Chart 1 is that of 
a girl, aged 16, who had rheumatic carditis. The initial sedimentation 
rate was 96 in one hour. Three weeks later it was 18, which was thought 
to indicate improvement. A week later, however, signs of congestive 
failure appeared, the body-weight rose as oedema accumulated, and the 
sedimentation rate was only 10. At this stage the patient was critically ill. 
She rallied, and when all signs of failure had disappeared, the sedimenta- 
tion rate was found to be 89 in one hour, almost its initial level. Sub- 
sequently, a steady improvement took place, gain in body-weight was not 
due to oedema, and the sedimentation rate was finally 15, representing true 
improvement. It should be noticed that the sedimentation rate slowed 
before there was any clinical evidence of congestive heart failure. 





[4] 


TaBLeE II 
Congestive Heart Failure 


Diagnosis. 


Haemoglobin 
Body-weight 
with failure. 

Body-weight 


when well. 
tion rate not 


tion rate in 
in failure. 


Sedimenta- 
failure. 
Sedimenta- 





Myocardial 
infarction. 
Pulmonary 
infarction 

Myocardial 
infarction 

Mitral stenosis. 
Bronchial 
infection 

Syphilitic 
aortic 
incompetence 

Pulmonary 
heart disease 

Rheumatic 
aortic 
incompetence 

Rheumatic 
carditis 

Hypertensive 
heart disease 

Mitral stenosis 

? aetiology 

Rheumatic 
carditis 

Hypertensive 
heart disease 

Mitral stenosis. 
Bronchial 
infection 

Mitral stenosis 

? aetiology 

Myocardial 
infarction. 
Pulmonary 
infarction 

Mitral stenosis 

Hypertensive 
heart disease 

Mitral stenosis 

Hypertensive 
heart disease 

Mitral stenosis. 
Aortic 
stenosis 

Mitral stenosis. 
Bronchial 
infection 
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Chart 2 shows the effect of congestive failure on the sedimentation rate 
in a case of severe coronary artery disease with a left ventricular aneurysm 
and multiple pulmonary infarcts proved at autopsy. The initial sedimenta- 
tion rate of 14 was taken at the height of failure. The patient responded 
to rest, venesection, digitalis, and salyrgan, and as the oedema disappeared 
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Cuart 1. The sedimentation rate in case of rheumatic carditis with congestive heart 
failure. 
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Cuart 2. The sedimentation rate in a case of congestive heart failure due to disease of 
the coronary arteries, ventricular aneurysm, and pulmonary infarction. 





and the body-weight fell, the rate increased to 54 in one hour. It remained 
in this vicinity as long as the improvement was maintained, but diminished 
again as soon as failure returned. Multiple pulmonary infarction was 
doubtless the cause of the fast readings in this case, for the ventricular 
aneurysm was not of recent origin. 
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Chart 3 shows a typical graph illustrating the behaviour of the sedimenta- 
tion rate in a straightforward case of congestive heart failure due to mitral 
stenosis. The patient was a young woman aged 28. The initial sedimentation 
rate was zero in one hour. As oedema disappeared, resulting in a loss of 
over a stone in body-weight, and as the other signs of congestive failure 
cleared up, the sedimentation rate increased and finally reached 14 in one 
hour. 


St; Lb. 
10 


Sedimentation rate 








Cuart 3. The sedimentation rate in a case of congestive heart failure due to mitral 
stenosis. 


It is evident that congestive heart failure retards the sedimentation rate. 
This observation is not original, for it was mentioned by Westergren (14), 
and Perry (5) reported two cases. It appears, however, to be a fact of 
some importance, and is not widely known. In the presence of congestive 
heart failure the sedimentation rate is a valueless measurement as an indica- 
tion of the presence or absence of activity in cases of rheumatic carditis, 
coronary thrombosis, syphilitic aortitis, &c. Further, when following the 
progress of these cases, it should be remembered that a decreasing sedi- 
mentation rate may not necessarily indicate improvement, but may signify 
the onset of congestive heart failure. As a means of studying the actual 
progress of a case of congestive heart failure the sedimentation rate may be 
of slight assistance. 

Active rheumatic carditis. Fourteen cases of active rheumatic carditis 
were investigated and are presented in Table III. The maximum reading 
was taken at the height of infection, usually on the patient’s admission to 
hospital. The minimum reading represents clinical improvement, and was 
usually the final sedimentation rate taken before the patient was discharged. 
Slow rates due to congestive heart failure have been excluded. Five cases 
still showed increased rates on discharge; clinically these were still active 
and were sent home for further rest in bed. 

The table confirms what is already well established, that the sedimenta- 
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TaBLeE III 


Active Rheumatic Carditis 
Maximum Minimum 





Case. Sex. Age. Condition. — sedimenta- sedimenta- 
& A tion rate. tion rate. 
Hours. 
* f ‘ 
; % : 23 2 1 8g 24 
: 1 M 18 Carditis and nodules 60 70 106 133 10 22 65 
3 F 43 Carditis and nodules 65 82 120 141 6 17 85 
: 3 F 16 Carditis 76 96 121 1388 15 38 95 
. 4 F 28 Carditis and nodules 70 124 132 189 45 83 119 
é 5 M 13 Carditis. Mitral stenosis 68 23 65100 5 13 68 
f 6 M 11. Carditis 92 12 31 8 6 13 15 
i | F 13 + Carditis 99 8 20 82 4 14 g2 
F 3 8 F 14 Carditis. Mitral stenosis. 95 61 90125 4 17 63 
: Auricular fibrillation 
: 9 M 16 Carditis — 10 35 80 4 138 67 
i 10 M 20 Carditis. Mitral stenosis. 95 12 34 96 8 27 6 


Aortic incompetence. 

















Auricular fibrillation 
ll M 16 Carditis. Mitral stenosis. 94 12 32 75 12 30 74 
Aortic incompetence. 
Auricular fvrillation 
12 M 13. Carditis and nodules. 82 a (|) 
Mitral stenosis 
13 M 12 Carditis. Aortic stenosis. 75 60 100 134 20 52 110 
Aortic incompetence 
14 F 10 Carditis -— mae = = Fs = 
: <—Temperature normal—> 
80- .€Pulse averaged 80—> 
i - ee o 
2 Initial fever 101°C. 
: £ 6. Initial pulse rate 130 beats per min 
e 
; s | 
: % 
4 - 40° 
é c 2 
2 2 
5 J 
ie ® _ 
S oa) 
= 204 
i “= = 
a Qa 
0 ' J , . ' ' t . 
2 4 6 8 Weeks 
Cuart 4. The sedimentation rate in a case of rheumatic carditis with steady 


recovery. 

tion rate is increased in cases of active rheumatic carditis and that it falls 
to normal with subsidence of activity. A typical chart is shown, Chart 4, 
which illustrates the behaviour of the sedimentation rate in the recovery 
phase of a case of rheumatic fever with nodules, carditis, and pericarditis. 
Weekly readings provided a useful measure of the improvement that was 
taking place. 
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Infective endocarditis. Eight cases of infective endocarditis are shown in 
Table IV. The sedimentation rates represent either single readings or the 
average of twoor more. Six patients died, five of whom came to autopsy. 
Of the other three, two had positive blood cultures, so that seven of the 
eight were proved cases. 

TaBLE IV 
Infective Endocarditis 


Haemo- 
globin. 


Sedimentation 


Sex. Age. Red-cell count. Urea clearance. sete. 


Hours. 

% 1 2 24 

59 3,000,000 50 103-6 % 123 137 150 

27 3,800,000 75 — 27 59 110 

21 2,000,000 35 54% 46 95 150 

53 4,800,000 90 — 34 70 120 

44 3,950,000 72 Blood urea 45 90 133 
32 mg. % 

22 4,800,000 60 — 59 95 139 

26 3,000,000 60 — 20 44 124 

18 3,200,000 48 Blood urea 37 —- 
238 mg. % 


SS SERS 


All the patients had some degree of congestive heart failure, seven of 
them were anaemic, and two had definite nephritis. The effect of congestive 
heart failure and anaemia upon the sedimentation rate has already been dis- 
cussed ; and Rees Walton (20) has shown that all forms of nephritis raise 
the rate, so that too many factors are present to make the test of any 


value in infective endocarditis. Rapid rates are usual. 

Syphilitic aortitis. There were seventeen cases of syphilitic aortitis (see 
Table V). The Kahn test was positive in all but one, aortic incompetence 
was present in all but one, and four had aneurysms. Doubtful cases were 
excluded. 

Fifteen of the seventeen had increased sedimentation rates, and in eleven 
of these the rates were considerably increased. Of the two with normal 
readings, one had a negative Kahn test and congestive heart failure, and 
the other had an extremely tortuous aorta with what appeared to be an 
aneurysm of the descending aorta. The tortuosity was so great that part 
of the descending limb could be seen to the right of the heart shadow in the 
antero-posterior view. The X-ray appearances resembled an aneurysm at 
the junction of the arch and the descending aorta, but in view of the 
marked tortuosity it is possible that this interpretation was incorrect, or 
that it was not a syphilitic aneurysm. Of the fifteen cases with increased 
sedimentation rates, two had congestive heart failure, and one of these 
gave the slowest rate. 

The majority of patients were not kept in hospital long enough to judge 
the effect of specific remedies, while in other cases it was thought inadvis- 
able to employ them. One patient, however, stayed in hospital eleven 
weeks and was given a course of N.A.B. The effect of this therapy upon 
his sedimentation rate is shown in Chart 5. Clinical improvement accom- 
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panied the retardation of the sedimentation rate. This case supports the 
contention of Danzer that treatment with arsenicals diminishes the sedi- 
mentation rate in cases of syphilitic aortitis, and that weekly readings may 
be a guide in following the progress of these cases. 
TABLE V 
Syphilitic Aortitis 
= Haemo- Sedimenta- 
Kahn. globin. tion rate. 
Hours. 
lee He FES 
% 1 2 24 
Aortic incompetence. Angina _ 22 41 90 
pectoris 
Aortic incompetence 62 80 118 
Aortic incompetence. Auricu- 30 55 113 
lar fibrillation. Congestive 
heart failure 
Aortitis 
Aortic incompetence 
Aneurysm 
Aortic incompetence 
Aneurysm 
Aortic incompetence 
Aortic incompetence 
Aortic incompetence. Con- 
gestive heart failure 
Aortic incompetence 
Aortic incompetence. Angina 
pectoris 
Aortic incompetence 
Aortic incompetence. Con- 
gestive heart failure 
Aortic incompetence 18 —- — 
Aortic incompetence. Aneur- + 40 — — 
ysm. Auricular fibrillation. 


Condition. 


=e 


30 55 113 
25 55 105 
a ne OG 
42 86 115 
50 85 120 
30 59 102 
36 76 102 
11 32 84 


—OO MAID 


20 46 80 
70 112 113 


115 125 143 
2 8 46 
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in 1 hour 


Course of N.A.B. 
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= 
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2 4 6 10 Weeks 
Cuart 5. Sedimentation rate in a patient with syphilitic aortitis with aortic 
incompetence, treated with N.A.B. 





Five of the patients have since died, and it is noteworthy that four of 
these gave the four fastest sedimentation rates. 

Inactive rheumatic heart disease. Twenty-six cases are shown in Table 
VI. Patients with congestive heart failure were not included. All but one 
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had mitral stenosis, thirteen had auricular fibrillation, and six had aortic 
incompetence. The sedimentation rate was normal in all cases. 
TABLE VI 
Inactive Rheumatic Heart Disease 


Diagnosis Sedimenta- 


tion rate. 


Haemo- 


dal 
NK COO WAIDN SL ON = 


| ST ell sell see aed aed ee a 
SOO WMAID OP 


F 
F 
F 
F 
F 
F 
F 
F 
F 
M 
F 
F 
M 
F 
F 
F 
F 
F 
F 
F 
F 
F 
M 


bo to be 
wOndo= 


Mitral stenosis 


Mitral stenosis. 


Mitral stenosis 
Mitral stenosis 
Mitral stenosis 


Mitral stenosis. 
Mitral stenosis. 


Mitral stenosis 
Mitral stenosis 


Mitral stenosis. 


Mitral stenosis 


Mitral stenosis. 


Auricular fibrillation 


Auricular fibrillation 
Aortic incompetence 


Aortic incompetence 


Auricular fibrillation. 


Aortic incompetence 


Mitral stenosis 


Mitral stenosis. 
Mitral stenosis. 
Mitral stenosis. 


Mitral stenosis 


Mitral stenosis. 
Mitral stenosis. 
Mitral stenosis. 
Mitral stenosis. 
Mitral stenosis. 
Mitral stenosis. 


Auricular fibrillation 
Auricular flutter 
Auricular fibrillation 


Auricular fibrillation 
Auricular fibrillation 
Auricular fibrillation 
Auricular fibrillation 
Auricular fibrillation 
Auricular fibrillation. 


globin. 


Hours. 


2 
5 
18 
21 
9 
9 
13 
6 
20 
8 
11 
21 
16 


15 
16 
15 
21 
20 
16 
a7 
18 
18 
11 

2 


Aortic incompetence 
Auricular fibrillation. 

petence 
Mitral stenosis. 
Mitral stenosis. 


Aortic incom- 9 


bo 
ns 
= 


18 
17 


to 
a 


Aortic incompetence 
Auricular fibrillation 


TaBLeE VII 


Thyrotoxicosis 


Basal metabolic Clinical response 
rate. to Lugol’s iodine. 


orn tb SRPAHMAAAMAIAIAHD & Orr 1 1b PF IO bo 


to 
o 
rej Fy 


Sedimenta- 
tion rate. 
Hours. 


Haemo- 


Age. globin. 


95 
96 
93 


2 
5 
7 
14 
16 
17 

6 
14 
43 

9 


Yes 
Yes 
Yes 
Yes 98 
Yes 100 
Yes 97 
Yes 


30 +12-7 
37 +22 
24 +11 
40 + 37-4 
58 + 26 
21 +31 
63 +18 
52 +21 Yes 
58 +9 Yes 

* This patient had an ischio-rectal abscess. 


Thyrotoxicosis. Nine subjects were studied (see Table VII). The majority 
exhibited a mild form of the disease in which symptoms referable to the 
heart were especially prominent. Frank types of exophthalmic goitre were 
rare at the National Heart Hospital. Patients with congestive heart failure 
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are not included, nor are doubtful cases. The sedimentation rate was normal 
in all instances but one which was complicated by an ischio-rectal abscess. 


TaBLeE VIII 


Malignant Hypertension 


Blood- Urea clearance Haemo- Sedimenta- 
pressure. expressed asa _—s globin. __ tion rate. 
percentage of 
normal. Hours. 
Ca, 
% 1 2 2% 
— 260/155-250/140 34 40 70 116 
Congestive 260/180-230/120 83 20 40 90 
heart failure 
Uraemic 260 + /165 24 62 90 118 
125 140 150 
Congestive 250/135-225/120 73 12 32 88 
heart failure 
Cholecystitis. 250/175-270/165 61 51 85 117 
Congestive 
heart failure 
Uraemia. 260/170-230/160 28 10 28 111 
Severe con- 
gestive 
heart failure 
Recovering 210/130-240/160 
from con- 
gestive 
heart failure 


Malignant hypertension (see Table VIII). Advanced changes in the optic 
fundus were found in all of seven cases. These changes consisted of vascular 
thickening, retinal haemorrhages, exudates, and papilloedema. Patients 
who exhibited vascular thickening only were not included in this group, 
irrespective of other signs. The sedimentation rate was increased in all 
cases. One patient, who died with uraemia, showed an increasing sedi- 
_ mentation rate, which, before death took place, reached 125 in one hour. 
The slowest reading, that of 10 in one hour, was given by a woman who was 
seriously ill with uraemia and congestive heart failure. Renal failure and 
congestive heart failure would seem to work in opposite directions, the 
former tending to increase, the latter to diminish, the sedimentation rate. 

Simple hypertensive heart disease. Twenty cases with blood-pressures in 
the region of 200 or over were investigated (see Table IX). Patients whose 
systolic blood-pressures ranged between 150 and 180 were not included in 
this group. The majority of the cases showed some thickening of their 
retinal arteries, but this was unaccompanied by the advanced changes of 
malignant hypertension. The sedimentation rate was within the limits of 
normal in 60 per cent. of the cases. In the remainder it ranged between 
12 and 23 in one hour. Thickening of the retinal arteries was more evident 
in the latter group, and the urea clearance test averaged 112 per cent. in 
the patients with normal sedimentation rates as against 62-6 per cent. in 
the cases with increased rates. It is possible, therefore, that impaired renal 
function was responsible for the faster readings. 


Condition. 
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TABLE IX 


Simple Hypertensive Heart Disease 


Condition. 


Fair 

Hypertensive 
encephalopathy 

No symptoms 

Melancholia 

Good 

Recovered from 
congestivefailure 

Recovered from 
congestive failure 

Recovered from 
congestive failure 

Recovered from 
congestive failure 

Recovered from 
congestive failure 

Paroxysmal 
cardiac 
dyspnoea 

Angina pectoris 

Auricular fibrilla- 
tion 

Angina pectoris 

Breathless 

Recovered from 
congestivefailure 

Breathless 

Good 

Stroke 

Heart block 


in thour 


rate 


Sedimentation 





Blood-pressure. 


200/110-180/100 
210/130-205/100 


240/150-240/150 
300/160-230/150 
250/160-230/140 
250/150-170/110 
255/110-180/100 
205/140-170/110 
200/110-205/95 
220/140-200/120 
230/125--210/110 
205/95-205/95 
210/100-170/90 
235/130-190/110 
260/140-210/100 
190/130-170/110 
200/110-170/85 
260/165-260/145 


260/150-220/120 
300/100-—250/90 


arteries 
thickened. 


Urea 


clearance. 
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Cuart 6. The sedimentation rate in a case of coronary thrombosis. The initial 
reading was taken the day after the coronary thrombosis occurred. 
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Coronary artery disease. Twenty-two cases have been included under this 
heading. They have been divided into three groups: those with a recent 
coronary thrombosis, those with severe coronary artery disease associated 
with angina of rest, and those with a less severe form of the disease mostly 
associated with angina of effort. These three groups are shown in Tables 
X, XI, and XII, respectively. 


TABLE X 
Coronary Thrombosis 


Condition. Blood-pressure. Fundi. 


clearance 


Sedi- 


— mentation 


2 


Urea 


Maximum 


q 
° 


Died 155/88 Normal 
Bad 170/105—160/100 bs 
Good 110/? Normal 
Angina 218/130-170/100 Vessels 60 98 123 
pectoris thick 
at rest 
since 
Angina 170/100-140/100 Normal 18 40 100 
pectoris 
at rest 
since 
M 57 Recovered 140/90-125/85 Normal 73 98 7 weeks 13 36 91 
well, but 
died since 
7 M 65 Bad 220/120-140/95 Vessels — 100 3 weeks 54 — — 
thick 


* The time interval represents the time after the accident when the maximum reading 
was taken. 


Coronary thrombosis is seen to accelerate the sedimentation rate. When 
it was possible to observe cases from the time of the accident, weekly read- 
‘ings demonstrated that the maximum rate occurred at the end of the third 
week. Unfortunately two of the patients were not seen sufficiently early, 
and their sedimentation rates were already returning towards normal when 
first taken. Chart 6 illustrates the typical sedimentation rate reaction to 
coronary thrombosis. It increases gradually to a maximum at about the 
end of the third week and then slowly diminishes as the infarct heals. It 
may either reach normal in about six weeks, or it may reach a plateau at a 
somewhat increased level. The clinical diagnosis was confirmed in all cases 
by definite electrocardiographic evidence. 

Table XI summarizes six cases of severe coronary artery disease. Five 
of these had angina of rest, three gave a history of a previous coronary 
thrombosis which was supported by the electrocardiographic appearances, 
and one had a left ventricular aneurysm. The sedimentation rates ranged 
between 10 and 32 for the one-hour readings. The figures given are mostly 
the average of several readings which did not differ materially. It may 
now be seen why certain cases of coronary thrombosis are associated with a 
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sedimentation rate which does not reach normal when the infarct heals, but 
reaches a plateau on a slightly raised level, for these cases fall into the 
second group with severe coronary artery disease. 


TaBLe XI 
Severe Coronary Artery Disease. Angina Pectoris at Rest 


Sedimentation 
rate. 


Urea 


Haemoglobin. 
clearance. 8 


g Blood-pressure. Fundi. 


Hours. 


1 2 
160/90 Normal Blood urea 12 27 
47 mg. % 
140/95 Normal 64 % 14 33 
170/110-160/100 Normal —- 14 28 
200/100-160/90 Arteries a 10 29 
thick 
230/120-180/95 Arteries 115 % 32 
thick 
160/100-160/90 Normal Blood urea 26 
47 mg. % 


sy PS yee 


TaBLE XII 
Atherosclerosis. Mostly with Angina Pectoris on Effort 


Blood- Peni. Urea Haemo-  Sedimenta- 


Condition. pressure. clearance. globin. tion rate. 


Hours. 


1 
Auricular 180/90 Normal 9 
fibrillation 
Angina 150/80 Arteries L 
pectoris thick 
Angina 170/90 Normal 6 
pectoris 
Angina 160/85 Diabetic 6 
pectoris. retinitis 
Diabetes 
mellitus 
51 Angina 125/75 Normal 
pectoris : 
54 Angina 160/95 Normal 26 76 
pectoris 
61 Bronchitis 170/90 Arteries 23 88 
and thick 
emphysema 
M 61 Auricular 170/90 Arteries 22 80 
fibrillation thick 
M 49 Angina 130/85 Normal 19 81 
pectoris 


Table XII represents angina of effort, and mild forms of coronary artery 
disease associated with dyspnoea. There were nine cases in this group, all 
males, and their sedimentation rates were either normal or but slightly 
increased. Patients with atheroma of the aorta and thickening of their 
larger arteries without marked hypertension fall into this group. 

Pulmonary infarction. The diagnosis was made on X-ray appearances, 
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post-mortem evidence, or on a clear picture of pain in the chest followed by 
haemoptysis. There were nine cases, which may be seen in Table XIII. 
All but one had increased sedimentation rates, the single exception having 
severe congestive heart failure. Repeated readings demonstrated that the 
rate diminished as the infarction healed. 


TABLE XIII 


Pulmonary Infarction 
Maximum Sedimentation 
sedimentation rate after 
rate following healing of 
infarction. infarction. 
Hours. 


Diagnosis. 





~ 


1 2 24 1 2 24 

Rheumatic heart disease. Aorticincom- 32 55105 — — — 
petence. Mitral stenosis. Auricular 
fibrillation 

38 Rheumatic heart disease. Mitralstenosis. 78 113 124 36 69 120 
Auricular fibrillation 

38 Rheumatic heart disease. Aorticincom- 25 48 104 9 24 82 
petence. Mitral stenosis. Auricular 
fibrillation 

33 Rheumatic heart disease. Aorticincom- 18 38 94 Died 
petence. Mitral stenosis. Auricular 
fibrillation 

59 Rheumatic heart disease. Aorticincom- 19 36 86 Congestive 
petence. Mitral stenosis. Auricular heart failure 
fibrillation 

49 Rheumatic heart disease. Mitralstenosis. 19 — — Congestive 
Auricular fibrillation heart failure 

57 Myocardial infarction. Congestive heart 4 6 90 Died 
failure 

61 Atherosclerosis. Auricular fibrillation 30 48 95 8 22 80 

58 Myocardial infarction. Ventricular 54 86115 Died in con- 
aneurysm (not of recent origin) gestive failure 


Congenital heart disease. Uncomplicated cases of congenital heart disease 
without cyanosis have normal sedimentation rates. 

"Two cases accompanied by cyanosis were studied. One had a haemo- 
globin value of over 120 per cent. and a viscosity of 13-6 (normal readings 
for the instrument were between 4 and 7). She was a very cyanosed young 
woman aged 21 with Fallot’s tetralogy. Her sedimentation rate was 0, 1, and 
13, in one, two, and twenty-four hours, respectively. The second patient 
was also cyanosed, but not so markedly, and her sedimentation rate was 2, 
4, and 48, respectively. 

Discussion 

The erythrocyte sedimentation rate has been studied in 164 patients 
suffering from various forms of heart disease. The Westergren technique 
was adopted. 

Cases of cardiac neurosis were used as controls, and these bear out the 
fact that sedimentation rates over 10 in one hour, or over 20 in two hours, 
are abnormal. Women tended to give faster rates than men. 

Congestive heart failure was found to delay the sedimentation rate, 
regardless of the cardiac pathology. Patients admitted with congestive 
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heart failure were found to have an initially slow sedimentation rate which 
accelerated parallel to clinical improvement. Patients who developed con- 
gestive heart failure while they were under observation showed slowing of the 
sedimentation rate parallel to the development of congestive heart failure ; 
if the patient recovered the rate accelerated again to its previous level. 

From.-these facts it follows that as an indication of the presence or absence 
of activity the sedimentation rate is a valueless measurement in cases of 
rheumatic carditis, coronary thrombosis, syphilitic aortitis, &. when com- 
plicated by congestive heart failure. Rapid rates are masked, and unless 
this fact be appreciated serious error in interpretation may occur. 

The mechanism is not clear, but various factors may play a part. 
Westergren (14) noticed that cyanotic states retarded the sedimentation 
rate, and Mora and Gault (12) found that they could reduce the rate by 
bubbling carbon dioxide through citrated blood prior to placing it in the 
sedimentation tube; by using oxygen instead of carbon dioxide they were 
able to increase the rate. Since the venous blood of patients with congestive 
heart failure contains an excessive amount of carbon dioxide, slowing of the 
sedimentation rate might be expected. 

Another factor which may occur in congestive heart failure is lowering of 
the plasma fibrin. According to Cowan and Ritchie (24) the plasma proteins 
are lowered in congestive heart failure, but largely at the expense of the 
albumin. The available evidence goes to show that the globulin fraction is 
but slightly decreased and may even be increased, so that it is doubtful if 
the fibrin can be sufficiently lowered to affect the sedimentation rate. 

The slowest sedimentation rate of all the patients was that of a case of 
Fallot’s tetralogy with marked cyanosis, a haemoglobin value of over 120 
per cent. and a viscosity of 13-6. The actual readings were 0, 1, and 13 in 
one, two, and twenty-four hours, respectively. However, in cases of con- 
gestive heart failure haemoglobin estimations and viscosity measurements 
do not lend credence to the view that polycythaemia is an important factor 
in the slowing of the sedimentation rate, and it should be remembered that 
the circulating blood-volume as measured by dye methods may be increased 
in congestive heart failure according to Goldbloom and Libin (23) and others. 

The behaviour of the sedimentation rate in cases of rheumatic carditis is 
sufficiently well known to render further comment unnecessary. There is, 
however, a growing belief that the sedimentation rate cannot be used for 
diagnostic purposes, because it is too sensitive a test, being altered by a 
variety of conditions. The adoption of this attitude means the sacrifice of 
a valuable ally. In a doubtful case of active rheumatic carditis an in- 
creased sedimentation rate does not make the diagnosis clear, but a normal 
sedimentation rate, in the absence of congestive heart failure, is important 
evidence against activity. This applies equally to cases of syphilitic 
aortitis, coronary thrombosis with myocardial infarction, and infective 
endocarditis. 

Patients with aortic incompetence of doubtful aetiology are not un- 
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common. The diagnosis usually rests between old rheumatic aortic valvular 
disease, atherosclerosis and syphilitic aortitis. The sedimentation rate may 
be helpful here, for it is normal in the first two instances but increased in 
the last. Rapid rates may indicate a bad prognosis in cases of syphilitic 
aortitis. Successful treatment with N.A.B. has been found to retard the 
sedimentation rate, so that repeated readings may be of use in following 
the progress of these cases. 

There has been considerable disagreement concerning the behaviour of 
the sedimentation rate in its relation to thyrotoxicosis. The present series 
of cases show that in mild forms of the disease when cardiac symptoms pre- 
dominate, the sedimentation rate is usually normal. 

Differences of opinion concerning the sedimentation rate in hypertensive 
cases are probably due to the use of too loose a nonrenclature. If malignant 
hypertension, simple hypertensive heart disease and atherosclerosis are all 
grouped under the one heading of arteriosclerosis, no wonder results dis- 
agree. Actually the facts are clear. Malignant hypertension is associated 
with an increased sedimentation rate, possibly dependent upon the degree 
of impairment of renal function; the frequent accompaniment of anaemia 
increases the rate still further, while the presence of congestive heart failure 
retards it. It is equally certain that cases of atherosclerosis with normal 
or slightly raised blood-pressures have a normal sedimentation rate unless 
complicated by severe coronary artery disease or by coronary thrombosis. 
Simple hypertensive heart disease lies between these two groups, and it is 
found that about 50 per cent. have normal sedimentation rates and about 
50 per cent. have increased rates, the determining factor possibly depending 
upon the function of the kidneys. The view that accelerated rates are due 
to pulmonary congestion cannot be accepted. Congestive heart failure lowers 
the sedimentation rate whether the congestion is primarily in the pulmonary 
_or in the systemic bed. 

Disease of the coronary arteries is rarely diagnosed in the absence of pain, 
which also serves to distinguish three main groups: coronary thrombosis, 
angina of rest, and angina of effort. In cases of coronary thrombosis the 
sedimentation rate is not increased immediately, but after a day or two, 
and then increases steadily to a maximum at about the end of the third 
week, after which it slowly returns to normal in six to eight weeks, or it 
may remain at a slightly increased level. While the sedimentation rate is 
on the increase it is probable that softening of the myocardium in the 
region of the ischaemia is taking place, whereas when it is on the decrease 
healing of the infarct may be inferred. Angina of rest, in the absence of 
syphilitic aortitis, usually indicates severe coronary artery disease, and in 
these cases the sedimentation rate is slightly to moderately increased, and 
does not differ materially from week to week. Angina of effort is associated 
with a less severe form of the disease, and this is shown by a normal sedi- 
mentation rate. Clinically it is impossible to distinguish coronary throm- 
bosis from acute myocardial infarction due to coronary occlusion without 

(Q.J.M. New Series No. 17] Cc 
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thrombosis, nor does the behaviour of the sedimentation rate differ in the 
two instances. The somewhat accelerated rate associated with severe 
angina of rest is probably due to multiple tiny areas of myocardial soften- 
ing. The patchy fibrosis which is found at autopsy in these cases suggests 
such a view. From a clinical point of view patients suffering from the 
effects of a recent coronary thrombosis should not be allowed to get up 
until their sedimentation rate has reached normal or a plateau on a slightly 
increased level. 

The behaviour of the sedimentation rate in cases of pulmonary infarction 
would be expected to be similar to that which is found in cases of cardiac 
infarction. This is probably true, but uncomplicated cases are difficult to 
obtain. Pulmonary infarcts are frequently multiple, as is seen so commonly 
in the post-mortem room where their different ages can be demonstrated ; 
and secondly, they are frequently associated with congestive heart failure 
which confuses the interpretation of the results. From the cases studied it 
is evident that the sedimentation rate is increased subsequent to pulmonary 
infarction, and that it approaches normal as the infarct heals. 


Summary 


1. The erythrocyte sedimentation rate has been investigated in 164 cases 
of heart disease. 

2. Congestive heart failure retards the sedimentation rate regardless of 
the cardiac pathology, and may therefore mask activity of the disease 
process. 

3. Increased sedimentation rates are found in cases of active rheumatic 
carditis, syphilitic aortitis, and myocardial infarction. The readings approach 
normal as the condition improves. 

4, The sedimentation rate is also increased in cases of infective endo- 
carditis and malignant hypertension, but the test is of little value in these 
conditions. 

5. Angina pectoris of effort, apart from syphilitic cases, is associated with 
a normal sedimentation rate; angina of rest usually with a somewhat in- 
creased rate. 

6. Normal sedimentation rates are found in cases of inactive rheumatic 
heart disease and of atherosclerosis. 

7. In subjects with hypertensive heart disease, the sedimentation rate 
may be normal or slightly increased. 

8. Pulmonary infarction increases the sedimentation rate. 

9. In the absence of cyanosis, cases of congenital heart disease are asso- 
ciated with a normal sedimentation rate, but with marked cyanosis the rate 
is abnormally slow. 

10. Mild cases of thyrotoxicosis in which cardiac symptoms predominate 
are associated with normal sedimentation rates. 
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OBSERVATIONS ON THE TREATMENT OF MYASTHENIA 
GRAVIS! 


By A. M. COOKE anp R. PASSMORE 
(From the Radcliffe Infirmary and Biochemical Laboratory, Oxford) 


With Plate 1 


Introduction 


MYASTHENIA GRAVIS, first recognizably described in 1877 by Wilks, and by 
Oppenheim in 1887, has been, up till five years ago, for all practical purposes 
an untreatable disease. Recent observations from several sources and from 
different aspects of the disease, while not yet providing a complete thera- 
peutic weapon, have shown that significant results can be obtained by treat- 
ment and have raised various questions of physiological interest. We have 
been able to examine the effects of six remedies—ephedrine, glycine, pros- 
tigmin, eserine, acetyl-choline, and parathormone—on one patient, both 
in regard to their clinical effects and to the creatine and creatinine 
metabolism. 

Recent progress in the treatment of myasthenia may be briefly outlined as 
follows. In 1929 Harriet Edgeworth, who had suffered from myasthenia 
gravis for eleven years and was then completely bedridden, discovered 
the value of ephedrine. Taken for an entirely different purpose, it was 
’ followed by a striking clinical improvement; and experiment showed that 
this was not an artefact. From being bedridden with constant diplopia, 
inability to chew, difficulty in talking, swallowing, and breathing, cyanosis 
and insomnia, she was enabled to get about with freedom from all these 
symptoms and to require assistance only in bathing, dressing, and doing her 
hair. These results were obtained with 2 gr. of ephedrine daily, with larger 
doses in very hot or very cold weather and when any extra exertion was 
contemplated. The use of ephedrine by other patients has produced similar 
though less dramatic results. Swan obtained good effects in his one case and 
McAlpine in three out of six cases. 

Following the introduction of glycine for the treatment of the muscu- 
lar dystrophies by Milhorat, Techner, and Thomas in 1932, this remedy 
was applied to myasthenia gravis by Boothby and by Gros with some 
favourable results. Gros used glycine only, while Boothby gave some 
30 grm. of glycine and 3 gr. of ephedrine daily. 


1 Received July 10, 1935. 
[@.J.M. New Series No. 17] 
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In 1934, Walker, having in mind the curare-like paralysis in advanced 
myasthenia gravis and the known anti-curare action of eserine, made a trial 
with this drug by injection which produced apparently complete recovery 
for some hours. Equally good results with fewer side effects on the heart 
and gastro-intestinal system were obtained by the same author with 
prostigmin, a proprietary analogue of eserine. These findings were entirely 
confirmed by Pritchard in three cases and by Laurent in seven cases, neither 
author having had any failure with this drug. Denny-Brown treated one 
case with belladonna and eserine by the mouth with satisfactory results, but 
Laurent found that this method produced cardiac and gastro-intestinal 
symptoms of unpleasant severity in the three cases in which it was tried. 
Following on the experimental observation of Feldberg and Vartiainen that 
potassium ions enhance the action of acetyl-choline on the myo-neural 
junction, Laurent and Walther have more recently demonstrated improve- 
ment in three patients by the administration of potassium chloride in large 
doses. Walker has found similar improvement in two cases. 


Case B. R., a girl aged 13 years, weight 37-5 kg., was referred from the 
Oxford Eye Hospital in January 1935, complaining of drooping of the eyelids. 
At the age of 3 years, following a minor febrile illness of unknown nature the 
left eyelid was noticed to droop for a fortnight. Since then, about twice 
yearly, similar drooping, lasting from two to seven days, has occurred with 
any cold or respiratory infection. In March 1934, following a very bad cold 
in the head, both eyelids drooped and have remained so since. The condition 
has been noticed to be less marked in the mornings and more pronounced 
in the evenings. There have been no myasthenic symptoms referable to any 
other muscles. The patient is one of twins, the other twin having died in 
infancy of pneumonia. Both parents and two other children are healthy. 
She was admitted to the Radcliffe Infirmary in January 1935, when physical 
examination showed bilateral ptosis, more marked on the left side, paralysis 
of the frontalis muscles and slight drooping of the angles of the mouth (see 
Plate 1, Fig. 1). 

No clinical evidence of myasthenia gravis was found in any other muscles ; 
the heart, lungs, abdomen, nervous system and blood-pressure appeared 
normal. Attempts to detect myasthenic weakness, by means of exercise 
with an ergograph, in the flexors of the right forearm, flexors of the right 
thumb and the muscles concerned in opening the jaw yielded negative results, 
in the last case, for example, 300 movements against a weight of 250 grm. 
showed no evidence of fatigue. The Sigma reaction of the blood was nega- 
tive, skiagrams of the chest showed no-evidence of enlargement of the thymus, 
and the basal metabolic rate was normal. 

Whilst in hospital the patient developed acute follicular tonsillitis with a 
temperature of 103°, and cultures from the throat showed a heavy growth 
of a haemolytic streptococcus. During the acute stage of this illness the 
eyelids drooped for two days to a degree more marked than any observed 
before or since. 

She was put on a constant diet of low creatine content containing protein 
60 grm., fat 113 grm., and carbohydrate 200 grm. daily (2,120 calories), 
while the creatine and creatinine metabolism was being investigated. 
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Creatine and Creatinine Metabolism 


The preformed creatinine and the total creatinine in the urine were esti- 
mated by Folin’s method in twenty-four-hourly specimens preserved with 
toluol, the difference between the two figures giving the amount of creatine 
excreted. 


TABLE [| 


Daily Excretion of Creatine and Creatinine before Treatment 


Date. Creatinine N mg. daily. Creatine N mg. daily. 


January 22 280 190 
» 25 250 180 

sos ca 260 230 

3 ol 200 180 
February 1 300 140 
2 260 160 

250 120 

250 160 


Mean 260 Mean 170 


TABLE II 


Daily Excretion of Creatine and Creatinine following Test-doses of 2-5 grams 
of Creatine Daily. 


Creatinine Nmg. Creatine Nmg. Percentage of ingested creatine 


mate. daily. daily. recovered from urine. 


January 20 380 590 73 
» 2 460 870 105 
» 26 220 650 81 
February 5 210 490 61 


Mean 320 Mean 650 Mean 80 


It will be observed from Table I that there is a marked creatinuria, 
amounting to approximately 40 per cent. of the total creatinine excretion, 
which is a high figure for a girl of this age. Krause, for example, found the 
highest daily excretion of creatine nitrogen in three girls of 10 to 12 years to 
be only 42 mg. as against the mean figure of 170 mg. in our case. The pro- 
portion of ingested creatine which is retained is low in comparison with the 
scanty, and somewhat contradictory, figures for normals of the same age and 
sex available in the literature (cf. Hunter). If any inference can be drawn 
from these findings, it is that the biochemical lesion appears to be not an 
inability to form creatine from its precursors, but an inability to metabolize 
creatine properly, and especially to effect the normal conversion to crea- 
tinine. 


Ephedrine 


The known pharmacological actions of this drug are almost without 
exception the same as those of adrenalin, and there is considerable support 
for the view that the sympathetic nervous system and adrenalin play a part 
in combating muscular fatigue (cf. Cannon). Cannon and Nice demonstrated 
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that adrenalin delays the development of fatigue in excised muscle, and 
Orbeli and his colleagues have shown that sympathetic stimulation increases 
the force and amplitude of contraction in a muscle already fatigued. More 
recently Cope, Corkill, Marks, and Ochoa have examined the behaviour of 
adrenalectomized cats and suggested that their decreased capacity for work 
is due to the inability of the muscles to re-synthesize phosphagen. These 
observations give a possible experimental explanation of the action of 
ephedrine in myasthenia gravis. The effect of the drug in doses up to 1 gr. 
daily in our patient was to produce only slight clinical improvement, but 
this was maintained for about four days after administration was discon- 
tinued. The following table shows that there was no significant change in 
creatine and creatinine excretion. 


TABLE III 
Daily Excretion of Creatine and Creatinine during Ephedrine Treatment. 


Creatinine N mg. Creatine N mg. Percentage of ingested creatine 
Date. s : ; . : 
daily. daily. recovered from urine. 


Control period. 


May 28 290 160 
mo | 280 180 — 
June 1 300 200 — 


Mean 290 Mean 180 — 


2-5 grm. of creatine given daily. 


May 30 310 510 63 
June 2 320 550 68 


Glycine 


Brand, Harris, Sandberg, and Ringer found that in the muscular 
dystrophies glycine gave rise to an increased creatinuria and suggested 
that glycine acted as a precursor of creatine. Milhorat, Techner, and 
Thomas applied this observation to treatment, and Cuthbertson and Mac- 
lachlan have substantially confirmed Brand’s and Thomas’s findings in 
the muscular dystrophies, but none of these authors have been able to 
study any cases of myasthenia gravis. The most satisfactory results in 
myasthenia have been obtained by Boothby, but in most of his cases 
ephedrine has been given as well. Our patient received 10 grm. of glycine 
daily for six weeks—three weeks in hospital on a constant diet and three 
weeks at home on an ordinary unrestricted diet. She gained 2-5 kg. in 
weight during this period, which might be accounted for by rest in hospital 
and a generous diet, but there was no change in the clinical features of the 
myasthenia gravis (see Plate 1, Fig. 2), in the creatine and creatinine excre- 
tion or the ability to retain ingested creatine. 

On glycine treatment the increase of creatine excretion observed by Brand, 
Harris, Sandberg, and Ringer in the muscular dystrophies was not found in 
this case, and the figures do not differ significantly from the controls, either 
in natural creatine excretion or in the retention of ingested creatine. 
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TABLE IV 


Daily Excretion of Creatine and Creatinine during Glycine Treatment. 


Creatinine Nmg. Creatine Nmg. Percentage of ingested creatine 


Date. daily. daily. recovered from the urine. 


10 grm. glycine daily. 
February 7 240 110 
9 260 180 
10 260 180 
11 270 180 
12 310 50 
13 270 120 
16 200 130 
7 230 100 
19 210 130 
21 220 90 


Mean 250 Mean 150 


6th week of glycine treatment. 

March 25 320 70 
» 26 300 160 
» 28 270 160 
Mean 290 Mean 130 

2-5 grm. of creatine given daily. 
February 18 220 510 63 
5 22 240 550 68 
March 27 310 640 79 
Mean 260 Mean 570 Mean 70 


Piette gaat 


af 


If, as Brand suggests, the function of glycine is to act as a precursor of 


creatine, it does not seem likely on a priori grounds to be an effective 
remedy, for since creatine is excreted in the urine in large amounts, the 
myasthenic patient must presumably have an adequate supply, but is unable 
to utilize it effectively. 


Parathormone and Phosphorus Metabolism 


It has been shown by Imrie and Jenkinson that in thyroparathyroidecto- 
mized cats the rate of re-synthesis of creatine-phosphate following stimu- 
lation of the muscles is much slower than in normal controls, and that the 
administration of parathormone to these animals, when the concentration 
of creatine-phosphate had been lowered by stimulation, was followed by re- 
synthesis at the normal rate. It seemed possible, therefore, that in myas- 
thenia gravis there might be a deficiency in parathyroid secretion leading to 
an inability to reform creatine-phosphate at the normal rate, and that this 
might be responsible for the myasthenic symptoms and disturbed creatine 
metabolism. 

The calcium, inorganic phosphorus, and phosphatase were estimated in 
the patient’s blood with the following results: 


Serum calcium = 9:7 mg. per 100 ml. 
Whole blood inorganic phosphorus = 4:10 mg. per 100 ml. 
Serum phosphatase = 0-22 units. 

These results are all within normal limits. 
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Goadby and Stacey have made the observation that creatine taken by 
the mouth causes a slight fall in the level of inorganic phosphorus in the 
blood of normal persons. This experiment was carried out on the patient 
with the following results : 


9.5 a.m. Inorganic phosphorus = 4-85 mg. per 100 ml. of blood. 
2-5 grm. of creatine given 
10.0 a.m. Inorganic phosphorus = 4:45 
11.0 a.m. . - = 440 ,, 
12.0 noon - ss =4-52 .,, 


The fall in phosphorus level is small, but is of the same order as that 
found in normals by Goadby and Stacey. 

Parathormone was given to the patient twice. On the first occasion 50 units 
were given four hours before the administration of 2-5 grm. of creatine, and 
on the second occasion 25 units were given four hours before, and 25 units 
with, the creatine. No clinical improvement was observed, and there was no 
increased ability to retain ingested creatine. These experiments gave no 
indication of any disorder of parathyroid secretion or phosphorus metabolism 
and were not continued. 


Acetyl-choline 


The work of Loewi, Dale, and others has established that acetyl-choline 
is the chemical substance responsible for the transmission of impulses across 
the myo-neural junction in striated muscle and that its rapid destruction by 
an esterase normally present in the tissues is inhibited by eserine. Many, if 
not all, of the pharmacological actions of eserine can be explained by this 
inhibitory phenomenon. The discovery that eserine had a beneficial effect 
on myasthenia gravis prompted Walker to try the effect of acetyl-choline : 
no effect was obtained. We have given up to 0-05 grm. with similar nega- 
tive results. On one occasion it was given twenty minutes after prostigmin, 
but produced no augmentation of effect. It has been suggested that myas- 
thenia gravis might be associated with an increased amount of activity of 
the choline esterase of the blood. Dr. E. Stedman, of the Department of 
Medical Chemistry of Edinburgh University, has kindly estimated the 
esterase in the whole blood, serum, and corpuscles of our patient and 
found it to be within the normal range both as to content and distribution. 


Prostigmin and Eserine 


Prostigmin was given in doses of 1 mg. with ;}, gr. of atropine. In nine 
minutes the eyelids began to rise and the patient stated that the lids felt 
‘as though they were being pulled up’. In about twenty minutes the eye- 
lids, forehead, and mouth appeared to be perfectly normal, and this was 
maintained for three hours (see Plate 1, Fig. 3). The effects then began to 
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wear off and were no longer visible four hours after injection. There was no 
constitutional disturbance. This treatment was continued daily for seventeen 
days, but towards the end of the period the duration of the full effect had 
diminished to two and a half hours. There was no appreciable change in 
the creatine and creatinine excretion. 


TABLE V 
Daily Excretion of Creatine and Creatinine during Prostigmin Treatment. 


Creatinine N mg. Creatine N mg. Percentage of ingested creatine 


aseened daily. daily. recovered from the urine. 


Control period. 


March 30 220 110 
April 6 250 180 
7 250 90 

iW 280 140 

15 260 70 


Mean 250 Mean 120 


2-5 grm of creatine given daily. 


April 4 350 480 60 
ae: 270 610 76 

9 280 510 63 

12 260 670 84 


Mean 290 Mean 550 Mean 71 


Eserine sulphate was given by the mouth in daily doses of }3, gr. without 
appreciable effect. Dosage of } gr. daily produced a less marked improve- 
ment than prostigmin, but the action was much more prolonged, on one 
occasion lasting for nearly three weeks after all drugs had been stopped 
(Plate 1, Fig. 4). To obviate possible unpleasant symptoms from the action 
of the eserine on the stomach and intestine, atropine was administered 
twenty minutes before, by injection of the sulphate or as tincture of bella- 
donna or liquor atropinae sulphatis. Far from having the desired result, 
this procedure was always followed by nausea and often by vomiting, even 
with doses as small as 10 minims of the tincture daily. Atropine was there- 
fore discontinued, and no ill effects were found with eserine sulphate by 
itself. It is probable that this intolerance of atropine was an idiosyncrasy. 
On one day, owing to a mistake in prescribing, a dose of eserine of } gr. in- 
stead of 3, gr. was given ; this caused severe vomiting, a rapid thready pulse, 
and collapse, but the improvement in the eyelids was no more marked than 
with the usual doses. This may, however, have been due to elimination of 
the eserine by the vomiting. 

No change in creatine and creatinine excretion was detected during treat- 
ment with eserine, and 65 per cent. of a test dose of 2-5 grm. of creatine was 
excreted in the urine. 


Discussion 


It is not possible, of course, to draw any satisfactory inferences from the 
examination of a single case, but our observations provide confirmation of 
other work as to the efficacy of certain drugs and bring forward some 
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negative findings on the relation of these drugs to creatine and creatinine 
metabolism. Although a marked creatinuria was constantly present in our 
patient, there was nothing to connect it with her disease except the facts that 
creatine is concerned in muscular contraction and that in myasthenia gravis 
the lesion is believed by some to be in the muscles. Those drugs which gave 
complete relief produced no demonstrable change in the creatine excretion 
or in the ability to retain ingested creatine. Some effect might have been 
expected if any disorder of creatine metabolism played a part in the disease. 
It is possible, therefore, that the creatinuria was adventitious and uncon- 
nected with the myasthenia. On the other hand, the creatinine nitrogen 
coefficient (including the creatine nitrogen which is the usual way of calculat- 
ing) was on average 11, a very high figure indeed for achild. If, however, the 
creatine nitrogen be omitted the figure is 7, which is high but does not differ 
greatly from the normal. These coefficients suggest a pathological origin for 
the creatinuria, but the limited and widely varying figures for normals in the 
literature do not make this certain. The test dose of creatine given was 
large, 2-5 grm., but the absolute amount retained was small, being on 
average 0-5 grm. 

Of the efficacy of eserine, prostigmin, and ephedrine there can be no doubt 
clinically. It has been suggested that the eserine group, at any rate, may 
act by stimulating further an already exhausted muscle, and although we 
found the effects of prostigmin to be less prolonged at the end of a fortnight’s 
daily injections, there can be no reasonable doubt that this is not the case 


and that the eserine group do make the muscles temporarily normal. The 
observation of Pritchard and Walker that prostigmin restores the myas- 
thenic myogram to normal is strong evidence that the effect is a genuinely 
curative one. 


The aetiology of myasthenia gravis and the methods by which the cura- 
tive drugs act is still unsettled, but the evidence points to a defect in trans- 
mission at the periphery. The lack of muscular wasting, the remarkable 
way in which bedridden patients after treatment are able to use their 
muscles, in spite of months of disuse, with normal strength and normal 
co-ordination, and the striking remissions sometimes seen during pregnancy 
(cf. Buzzard) suggest that the disorder is not primarily concerned with any 
structural lesion in the muscles or nerves themselves. The effects of treat- 
ment suggest that the lesion is a chemical one and concerned with trans- 
mission. Myograms show that contraction is never completely abolished in 
the muscles, but only modified. Pritchard regards the Wedensky effect as 
playing a part in this phenomenon. 

There is at present no explanation why drugs which stimulate adrenergic 
nerve-endings and drugs which stimulate cholinergic nerve-endings should 
have precisely similar effects in myasthenia gravis. From the practical 
point of view, it is now possible to abolish the more serious symptoms and 
to keep the patients in a tolerable state of health by means of ephedrine and 
eserine or prostigmin. 
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Summary 


1. A case of myasthenia gravis in a girl aged 13 is described. Constant 
creatinuria and an inability to retain ingested creatine were present. 

2. Ephedrine, glycine, parathormone, prostigmin, eserine, and acetyl- 
choline were tried as therapeutic measures. Glycine, acetyl-choline, and 
parathormone produced no clinical improvement. Prostigmin by injection 
was followed by complete relief of symptoms for four hours: eserine and 
ephedrine by the mouth gave a less marked but much more prolonged im- 
provement. 

3. None of these drugs showed any appreciable effect on the creatine and 
creatinine excretion or on the patient’s ability to retain ingested creatine. 


It is a pleasure to record our thanks to Professor R. A. Peters for his 
constant interest and encouragement and for laboratory facilities. 
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a b 


Fic. 1. Condition on admission. a=morning, b= evening. Fia. 2. Condition after 
treatment with glycine for 
six weeks. 


Fic. 4. After treatment with 
eserine sulphate gr. } daily; the 
drug had been discontinued for 
five days before the photograph 


was taken. 


c d 


Fic. 3. Treatment with prostigmin. a= before 
treatment, b=nine minutes after injection with 
prostigmin 1 mg., c=thirty minutes after injec- 
tion, d=sixty minutes after injection. 

In each photograph the patient is doing her 
best to look upwards. 
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GLYCOGEN DISEASE! 


(VON GIERKE’S DISEASE ; HEPATO(NEPHRO)MEGALIA GLYCO- 
GENICA) 


By RICHARD W. B. ELLIS anp WILFRID W. PAYNE 
(From the Hospital for Sick Children, Great Ormond Street, London) 


With Plates 2 and 3 


TuIs condition, which is characterized by an excessive accumulation of 
glycogen in the liver and other organs, was recognized by von Gierke in 
1929 (24) from post-mortem study of two children dying from intercurrent 
disease. Previous clinical and biochemical studies had been made by 
Wagner and Parnas in 1921 and by Snapper and van Creveld in 1928 of 
cases which have subsequently been regarded as examples of the same con- 
dition (Priesel and Wagner (39), van Creveld (17)), and there can be 
little doubt that the earlier literature contains clinical descriptions of such 
cases in which the nature of the condition was not suspected. Since 1929 
less than thirty examples have been reported, mostly in the German litera- 
ture; but even this number, in the relatively short time since von Gierke’s 
findings have obtained general currency, suggests that the disease is not 
necessarily of extreme rarity. 

The accumulation of glycogen which occurs in the liver or elsewhere is 
associated with an inability of the body to mobilize this substance, and with 

‘a more or less characteristic clinical and biochemical picture. There is 
great enlargement of the organs involved, and general retardation of growth 
and development; the abnormal stability of the glycogen-stores results in a 
low fasting blood-sugar, a slow or defective rise in the blood-sugar following 
adrenalin injection, and the passage of acetone bodies in the urine. There 
is also frequently some abnormality of the glucose-tolerance test. 

In the two cases described by von Gierke, a boy of 4} and a girl of 8, the 
liver and kidneys were found to be very greatly enlarged, and their cells 
distended with glycogen, which proved to be abnormally stable. He named 
the condition hepatonephromegalia glycogenica, but subsequent reports 
have shown that the renal enlargement is not an essential feature of the 
condition, and that other organs (heart, brain, pylorus, and skeletal muscles) 
may be affected. The term glycogen disease therefore appears preferable. 

Following von Gierke’s original paper, case-reports and studies of glycogen 
disease have appeared in Germany by Putschar, Bischoff, Kimmelsteil, 


1 Received July 20, 1935. 
{Q.J.M. New Series No. 17} 
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Beumer and Loeschke, Loeschke, Unshelm, Schall, Junkersdorf, Hertz, and 
Biederman and Hertz; from Holland by van Creveld and Pompe; from Aus- 
tralia by Anderson and Vickery, Solomon and Anderson, and Holmes & Court 
and Bray; and from America by Rauh and Zelson (who described the condition 
in a child of Italian parentage) and Antopol, Heilbrum, and Tuchman. 

In this country, Worster-Drought in 1923 showed a child before the 
Children’s Section of the Royal Society of Medicine, suffering from hepatic 
enlargement and persistent ketonuria, with some retardation of growth. 
This was subsequently recognized (1933) as probably being an example of 
glycogen disease, though at the age of 24 (1935) the girl appears to have 
recovered completely. Bellingham Smith and O’Flynn in 1933 gave the 
clinical and post-mortem findings, in the case of a child whose brother had 
also died with extreme hepatomegaly, and Warner in the same year described 
a girl of 5 having the typical clinical and biochemical picture of the con- 
dition. In this latter case, infantilism is now (1935) becoming more marked, 
and the liver is somewhat larger than before. Five of the cases included in 
this paper (Nos. 1 to 5) have been shown before the Royal Society of Medicine 
by one of us (R.W.B.E.) and briefly reported at a meeting of the British 
Paediatric Association in 1934 (R.W.B.E.). 

In France, no case-records of glycogen disease have appeared, but several 
reports of children suffering from extreme hepatomegaly due to fatty infil- 
tration of the liver have drawn attention to the similarity of the two con- 
ditions, and it has been pointed out that in the absence of histological 
examination confusion might have occurred. These cases will be referred to 
subsequently in discussing the differential diagnosis. 

Whilst in certain of the German cases and in that of Bellingham Smith 
and O’F lynn, the diagnosis of glycogenic infiltration of the liver has been 
made at autopsy or by biopsy, in others it rests on the biochemical and 
clinical picture, which van Creveld holds to be characteristic. The following 
study is based on five cases which are considered to be examples of the con- 
dition on clinical and biochemical evidence, whilst two other cases of hepatic 
enlargement in children are included for purposes of differential diagnosis. 

Age of onset. Although no case has actually been diagnosed at birth, 
there is every indication that the condition is congenital. In patients 
described by Schall (42), Unshelm (46), and Kimmelsteil (32), the large size 
of the abdomen was noted by the parents during the fourth week of life. Van 
Creveld and Bischoff consider that the hepatic enlargement in their cases 
probably dated from birth. Both Case 1 and Case 2 of the present series 
were thought to have had a large abdomen since birth, an observation to 
which importance can certainly be attached in the case of the second child, 
as her brother’s condition was already very striking at the time that she 
was born, and naturally led to comparison of the two infants. It is probable 
that the inability to mobilize glycogen dates from birth (or may possibly 
represent a persistence of the foetal condition), but that the glycogen actually 
accumulates rapidly during the first weeks of life. Several of the patients 
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have been free from symptoms until later childhood, or have come under 
observation for some other condition, and the hepatic enlargement noted on 
routine examination. 

Family history and inheritance. The condition may occur as an apparently 
isolated phenomenon, or may affect two or more siblings. Inthe ‘B’ family 
(Cases 1, 2, and 3) a brother and two sisters, and in the ‘M’ family (Cases 4 
and 5) two sisters, and possibly an elder brother also, were affected ; there 
were no normal siblings in either family, though a step-brother (the son of a 
different mother) of the ‘M’ sisters was unaffected. There is a strong 
suggestion of a family history in Warner’s case and also in Bellingham Smith 
and O’Flynn’s and Worster-Drought’s cases; Unshelm reported what was 
almost certainly the same condition in two brothers, although one of these 
was not fully investigated. There is no established case of direct t?ans- 
mission from an affected parent. It is therefore of interest that the mother 
of the ‘M’ sisters was found post mortem to have a greatly enlarged liver, 
which appeared ‘fatty’; unfortunately, no histological examination was 
made and the post-mortem records are scanty. However, as the mother 
was an obese woman weighing 18 stone, the hepatic condition may have been 
unconnected with glycogen deposition. 

In the majority of case reports no information is given as to the presence 
or absence of consanguinity of the parents. In one of van Creveld’s cases, 
however, the parents were first cousins, and the two brothers described 
by Unshelm were the offspring of marriage between second cousins. By 
courtesy of Dr. K. H. Tallerman, we have recently seen a boy of 3 show- 
ing the typical clinical and biochemical features of the disease, who was 
the only child of a first-cousin marriage. Although the total number of 
cases is still small, the incidence of two first-cousin and one second-cousin 
marriage amongst the parents of less than twenty-five family groups is sig- 
nificantly higher than that in the general population. This incidence of 
parental consanguinity is at least suggestive that the condition is inherited 
as a Mendelian recessive character. 

In considering the family history in these cases it must be remembered 
that the milder manifestations may easily be overlooked, and that the 
occurrence of the disease in other members of a family could only be con- 
clusively excluded by detailed clinical and biochemical examination. 

Symptoms. Since the most constant features of the condition are a low 
blood-sugar under normal circumstances and a defective response to adrenalin 
injection, it might be expected that patients suffering from glycogen disease 
would show symptoms of hypoglycaemia—sweating, drowsiness, inco-ordina- 
tion, or even convulsions—during active exercise, when the demands for 
carbohydrate are maximal. Although such symptoms are exceptional, con- 
vulsions were reported by Worster-Drought, Solomon and Anderson, and 
Holmes 4 Court and Bray, whilst van Creveld and others have commented 
on the craving that these children may have for carbohydrate foods; Cases 
4 and 5 are readily fatigued, and the younger sister is emotionally unstable 

[Q.J.M. New Series No. 17] D 
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and irritable, symptoms possibly attributable to hypoglycaemia. The ‘B’ 
children, on the other hand, are all active and fond of swimming and games ; 
careful inquiry has elicited no history of hypoglycaemic symptoms in any of 
the children of this family at any time, though admittedly the blood-sugar 
levels are not as low in these patients as in many of the recorded cases. 

In general, the children affected with glycogen disease appear to have a low 
resistance to infections of all kinds, death in von Gierke’s original cases and 
in several others being due to pneumonia or influenza. 

Infantilism. In those patients in whom the condition persists over a 
sufficiently long period, some degree of retardation of growth and develop- 
ment is frequent. This becomes more obvious as the children grow older, 
and is seldom noticed before the age of 3 or 4 years. This point is well illus- 
trated by Case 1. At the age of 3 (Plate 2, Fig. 1) he was of normal height 
and weight for his age, the only symptom being the large size of the abdomen 
and liver. When 14 years old, he was the size and weight of a normal boy 
of 8, and now (at the age of 18) he has the physical development of a boy of 
103. The genitalia are infantile, there is no development of secondary 
sexual characters, and he has retained the brevilinear proportions of pre- 
adolescence. In addition, he shows the disproportion between intellectual 
and emotional development to which Apert has drawn attention in patients 
with infantilism who pass the normal age of puberty. Thus the boy is quite 
up to the average intellectually for his actual age, and can give a clear and 
technical description of the detailed organization of the firm in which he 
works, but he entirely lacks the assertiveness and self-reliance proper to his 
age and sex. His two sisters both show well-marked infantilism, but the 
retardation is relatively greater in the second child (aged 14) than in the 
youngest, aged 11. This is not solely due to the retardation becoming more 
obvious with advancing age, since the two sisters are actually almost the same 
size (see Plate 2, Fig. 3). The disease appears to have affected the youngest 
child the least severely, since the hepatic enlargement is least in her case, 
and biochemical studies show the least deviation from the normal. The two 
‘M’ sisters both show approximately four years’ retardation of growth and 
development (see Plate 2, Fig. 4), though ossification is not quite correspond- 
ingly delayed. Thus all five patients suffer from infantilism that is singularly 
complete, retaining the physical development and proportions of children of 
from three to seven years less than their actual age. 

Hertz (27) has suggested that the cause of both this retardation of 
growth and of the disturbance of carbohydrate metabolism is to be at- 
tributed to pituitary dysfunction (see below). It must be recognized, how- 
ever, that a profound disturbance of almost any vital organ (kidneys, bowels, 
heart, &c.), acting over a long period, may result in infantilism without the 
endocrine system being primarily at fault. In fact, hepatic infantilism is 
also known to occur in conditions other than glycogen disease, such as 
cirrhosis. It is conceivable that the general slowing down of growth and 
development is, in glycogen disease, due to chronic starvation of the tissues 
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with regard to carbohydrate, as shown by the low blood-sugar. An analogy 
is found in the observation that diabetic children receiving insulin fail to 
grow or gain weight if the blood-sugar is kept below the normal levels, 
whereas the opposite condition is seen in those infants, often weighing 12 lb. 
or more at birth, born of early or ‘ pre’ diabetic mothers in whom the blood- 
sugar is constantly though not excessively raised. 

Enlargement of the liver, kidney, or heart. As indicated above, the organs 
in which the greatest accumulations of glycogen occur, show a generalized 
enlargement which may be of extreme degree. The liver is most constantly 
involved, whereas the spleen has never been found to be affected. Enlarge- 
ment of the kidneys, heart, and pylorus has already been mentioned as 
occurring in certain cases. 

The liver may be of very great size, distending the whole abdomen, with 
the lower margin reaching well below the umbilicus. It is not tender, the 
surface is smooth, and the organ feels firm rather than hard ; the enlarge- 
ment is uniform, affecting the whole organ. A deep anterior notch may 
cause the left lobe to be mistaken for an enlarged spleen, but actually the 
absence of splenomegaly is one of the distinguishing features of the condition. 
There is no ascites or caput medusae, though the abdominal veins may be 
prominent (1). 

The enlargement of the liver per se appears to give rise to no symptoms 
except extreme prominence of the abdomen, on account of which the patients 
not infrequently first come under observation. Similarly, those patients in 
whom enlargement of the kidneys has been described, do not appear to have 
suffered from renal symptoms. Several examples of hypertrophy of the 
heart due to glycogen retention have been reported, and here the condition 
may give rise to cyanosis (38) and symptoms of cardiac failure. A case 
of cardiac hypertrophy in an infant of 7 months, described recently by one 

_of us (R.W.B.E., 1935) as possibly an example of glycogen disease, in which 

both heart and skeletal muscles were affected, clinically resembled a case of 
pseudo-hypertrophic muscular dystrophy, with paralysis of the intercostal 
muscles; death occurred from respiratory failure. Van Creveld (17) has 
also referred to the possibility of the pylorus being affected, and here the 
symptoms are likely to be those of pyloric obstruction. 

Obesity has been noted in several instances, and the distribution of fat has 
suggested that seen in dystrophia adiposo-genitalis. The appearance of Case 1 
(Plate 2, Fig. 2) somewhat resembles the latter condition, but actually there is 
little excess of fat on the body, the prominence of the abdomen being due to 
the large size of the liver. A patient of Schall’s showed a peculiar distribu- 
tion of fat-pads, which does not correspond with any recognized endocrine 
type. Obesity is inconstant, however, several of the patients appearing 
poorly nourished, and the ‘ M’ sisters (Cases 4 and 5) are noticeably slender. 

Jaundice. The absence of jaundice and of bile in the urine, and the fact 
that the van den Bergh reaction is normal, has been emphasized in the dif- 
ferential diagnosis of the condition, and cases of hepatic infantilism reported 
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by Exchaquet have been excluded from studies of glycogen disease on this 
account. T'ransient jaundice, however, corresponding with the clinical pic- 
ture of an attack of catarrhal jaundice, is liable to occur in the course of this 
disease. Such isolated attacks were described by Warner, and occurred once 
during the childhood of both Albert and Olive ‘B’ (Cases 1 and 2), and of 
both the ‘ M’ sisters (Cases 4 and 5). The fact that both the latter were 
affected at the same time strongly suggests an infective cause. Whilst the 
attacks of jaundice are obviously not a symptom or cause of glycogen disease 
it appears extremely likely that children whose livers are filled with glycogen 
which cannot readily be mobilized are more liable to suffer from catarrhal 
jaundice, just as they are to other infective conditions. Beyond this, the 
jaundice probably has no significance, and does not appear liable to recur. 

Vomiting. Although of infrequent occurrence, vomiting was one of the 
presenting symptoms in the two cases described by van Creveld and in one 
by Worster-Drought. Van Creveld’s patients both had ‘ periodic attacks of 
persistent vomiting in the morning’, and Worster-Drought commented on 
the similarity of the attacks from which his patient suffered to cyclical 
vomiting. The observation is of interest in view of the suggestion that 
depletion of the glycogen stores of the liver is an important factor in the 
aetiology of cyclical vomiting. 

Hirsuties and pigmentation were noted in the case described by Bellingham 
Smith and O’Flynn, but have not been recorded by other authors. The 
possible relationship of these to adrenal dysfunction has been suggested and 
will be referred to subsequently. 


Biochemical Observations 


For the estimation of blood glycogen, the technique of van Creveld has 
been followed, and in normal cases similar results to his were obtained. 
Blood was taken two to three hours after a meal, and never within twenty- 
four hours of a glucose meal. The values should therefore be unaffected 
by the temporary rise in blood glycogen which has been shown experi- 
mentally (35) to occur after the ingestion of glucose. In a number of 
cases, the distribution of glycogen between cells and plasma has been deter- 
mined by estimating separately the glycogen in the whole blood and the 
glycogen in the plasma. The glycogen-content of the cells was then calcu- 
lated by using the haematocrit value. In the few instances in which the 
glycogen-content of the centrifuged cells was determined directly, it was found 
to be in good agreement with the calculated value, allowance being made for 
the small amount of plasma unavoidably included with the cells. In order 
to exclude contamination with reducing substances other than glycogen, the 
reducing value of the alcoholic precipitate was determined in one instance 
without preliminary hydrolysis. The results obtained (whole blood 5-4 mg. 
per cent., plasma 2-2 mg. per cent., and cells 9-6 mg. per cent.) showed that 
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most of the reducing substance represented glycogen. In estimating blood- 
sugar, the Folin-Wu micro-method was employed. 

The following table gives the glycogen values obtained in a series of 
control cases of all types, including a number in which there was hepatic 
disease. 


TABLE I 
Glycogen in the Blood of a Series of Children not Suffering from Glycogen Disease 


Normals 11-9 (21) Catarrhal jaundice 15°8 (32-6) 
13-5 18-5 (30-5) 

14-6 (22) 12-8 (36) 
12-9 (29-2) 
Hepatomegaly (various 24-3 (59-8) 13-7 (27-3) 
causes) 22-1 14-8 (26-6) 


22:2 (53-4) 12-4 

15-6 (28-4) 14-4 (34-0) 

19-8 11-7 (22:5) 

13-7 (24-7) 
9-4 


Congenital syphilis 19-3 (47-0) 
11-5 (19-6) 
8-7 


Recurrent vomiting 16-6 (34-0) 
Nephritis 23-2 Diabetes 17:3 
21-8 12-0 
15:1 11-4 
14-6 
Rheumatism 12-7 ‘Marble bones’ 17:3 
11-5 17-0 
14-7 (27-2) 
Convulsions 15-5 Ectopia vesicae 11-7 
Vulvo-vaginitis (gonococcal) 17-1 (35-8) 
14-4 (28-5) 
14-9 (29-5) 
The figures in parentheses indicate the glycogen content of the red-blood cells. The 
remaining figures refer to the glycogen content of the whole blood. In both cases the 
results are reported as milligrammes per 100 c.c. of blood or cells. 


It will be seen that the blood glycogen is increased in a number of other 
conditions apart from glycogen disease. London and Entin obtained higher 
values after splenectomy, and in our series of controls the only patient who 
had had splenectomy performed showed a value of 22-1 mg. per cent. We 
obtained values of over 20 mg. per cent. in other cases of hepatomegaly and 
nephritis: also. 

It is also clear that the cells contain considerably more glycogen than 
the plasma, and it is therefore necessary to know the haematocrit value in 
assessing the importance of the whole bluod glycogen. In glycogen disease, 
the increase of glycogen in the red cells supports the clinical findings that 
the disease is not one of the liver cells alone, but that probably many other 
groups of cells are affected. 

The cause of the resistance to glycogenolysis in von Gierke’s disease is at 
present entirely a matter of conjecture. It has been suggested that the 
glycogen deposited is of a different nature and more resistant to hydrolysis. 
There is little definite evidence of more than one form of glycogen. Bell 
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and Young have shown that no detectable differences could be found in 
purified glycogen from various sources—fasting or fed rabbits, rats, and fish. 
On the other hand, Willstaétter and Rhodewald have recently claimed that 
while most of the glycogen in the cells of liver and muscle in leucocytes is 
loosely bound to protein, a small but varying proportion is very firmly 
united to some insoluble part of the tissues. 

Van Creveld also has produced some evidence that the glycogen of the 
blood in von Gierke’s disease is not broken down so easily on incubating the 
blood as is the glycogen in normal blood, but if glycogen from normal tissues 
is added to the serum from a case of glycogen disease it disappears on in- 
cubation at a normal rate. However, he does not appear to have allowed 
for the fact that most of the glycogen is in the red cells, and therefore less 
readily affected by the serum. If, as is possible, the difficulty of hydro- 
lysis of the glycogen is due to an alteration of the mode of storage in the 
cells, the results of van Creveld could be accounted for without postulating 
another form of glycogen. 

In the following tables the results of the adrenalin test, glucose and 
laevulose tolerance tests, and other blood investigations are given for the five 
cases of glycogen disease (Cases 1 to 5), and the two doubtful cases (Cases 6 
and 7). 


Pathology and Pathogenesis 


The small number of autopsies and biopsies that have been made have 
revealed a very striking pathological picture. Apart from the great in- 
crease in size of the affected organs, the liver presents a characteristic 
appearance. Laparotomy (34), (42) has shown the surface to be smooth 
and glistening, and pale red or reddish-brown in colour. At autopsy the 
organ has been found to be pale and firm on section, with no evidence of 
increased fibrosis. Microscopically, the liver cells are so filled with glycogen 
that their appearance has been compared to that of plant cells (40). The 
nature of the material has been demonstrated both by analysis and by 
staining sections with Best’s carmine and iodine. In some instances sections 
have been placed in an aqueous formalin solution for as long as three weeks 
(40) before being transferred to an alcoholic solution and stained, and the 
fact that glycogen was still demonstrable in great amount indicated that 
the substance was abnormally stable. In addition to glycogen, the liver cells 
may contain a variable amount of fat. Histological examination of other 
affected organs and tissues has shown a similar appearance. Von Gierke 
found accumulations of glycogen in the kidneys, principally in the cells of 
the collecting tubules; and Unshelm (46, 48) in the liver, heart, striated 
muscle, and brain. Pompe has given a detailed report of a case of hyper- 
trophy of the heart in which he demonstrated enormous accumulations of 
glycogen ; he described the cardiac muscle as showing ‘un réseau de mailles 
rondes, ovales, ou plus allongées’, the shape depending on the angle at which 
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GLYCOGEN DISEASE 4] 


the fibres were cut. He drew attention to a closely similar histological pic- 
ture described by Seiffert (who had not, however, stained his sections 
specifically for glycogen) in 1900. The possibility of these cavities in the 
myocardium being filled with glycogen had been suggested by Marchand 
when Seiffert had shown his specimens at a meeting of the German Patho- 
logical Society in 1900, and Askanazy had at the same time commented on 
having found glycogen in the form of spherical bodies in the large muscle 
fibres from a specimen regarded as rhabdomyoma of the heart. 

Post-mortem examination cannot be said to have borne out an endocrine 
theory of aetiology. There has been found neither evidence of hyperinsulinism 
in the shape of tumour or hyperplasia of the islets of Langerhans (though 
Unshelm (46) found degeneration of a few islets) nor of pituitary dysfunc- 
tion ; the only abnormality of the endocrine system that has been described 
is hypoplasia of the adrenal glands, which was found in one of von Gierke’s 
cases, and in Bischoff’s and in Bellingham Smith and O’Flynn’s cases. The 
last of these showed also abnormal pigmentation and hirsuties, which are at 
least consistent with adrenal dysfunction. In other cases, however, the 
adrenals have shown no abnormality. 

The essential feature of the condition is the abnormal stability of the 
glycogen. This may be due (1) to the glycogen itself being different in kind 
from normal glycogen or (2) to glycogen being combined in an abnormal 
manner in the cells or (3) to the enzymes required for the breakdown of 
glycogen being diminished or absent. There is little evidence for the first 
hypothesis, but some experimental support can be found for the second in 
the work of Willstatter and Rhodewald, and of Unshelm. Schénheimer, in- 
vestigating von Gierke’s original cases, assumed an absence of amylase in the 
liver cells, since at the end of six days the glycogen was still unchanged and 
on mixing the glycogen-containing liver cells with an amylase from a normal 


_ liver, glycogenolysis occurred. Unshelm, however, has shown that liver con- 


tains an increased amount of amylase, and Hertz and Loeschke have found 
increased diastase in the urine with a normal or lowered diastase of the 
blood. There is no evidence connecting the liver amylase with the blood 
and urinary diastase, which is known to be altered considerably in diseases 
of the pancreas; but it can probably be safely concluded that there is no 
quantitative lack of amylase in the liver in this condition. Glycogen and 
amylase, therefore, exist together in the same cell but fail to interact nor- 
mally. That this is due to an abnormal state of the glycogen is not sup- 
ported by Schénheimer’s and Unshelm’s observations that the glycogen of 
the minced liver of a case of von Gierke’s disease could be broken down by 
the amylase of a normal liver. To explain this state it can be assumed that 
the glycogen is in an altered physico-chemical state in the cell (28) or 
that a necessary co-enzyme is missing within the cell. 

The laevulose tolerance tests in the cases reported here show an initial 
sharp rise in the blood-sugar which then returns to normal. This would 
indicate a reduction in the rate at which the liver transforms laevulose to 
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glycogen. Similarly in the dextrose tolerance test, while there is no very high 
value of the blood-sugar, there is a slower rate of return of the blood-sugar to 
the fasting level or even to the normal level of 0-120 per cent. This suggests 
a slower rate of storage of sugar as glycogen. Since the enzyme responsible for 
the breakdown of glycogen must be reversible, these observations give further 
support to the theory of dysfunction of an enzyme system. An alternative 
suggestion is that the liver is already too full to accept any more glycogen. 

The experiments of Houssay and his co-workers on the effects of extirpa- 
tion of the anterior pituitary gland (confirmed by Cope and Marks) showed, 
amongst other results, an increased resistance on the part of the liver to 
liberate glucose from its glycogen stores. This raises the suggestion of a 
deficiency of anterior pituitary secretion as a cause of the condition, a pos- 
sibility quite consistent with a congenital theory of origin. The only abnor- 
mality of the internal secretory glands reported at autopsy has been hypo- 
plasia of the suprarenal. This, according to the work of Foglia et al., should 
produce the converse effect, but it is worthy of note that atrophy of the 
suprarenal gland is usually recorded following hypophysectomy. A similar 
reduction of the thyroid gland also may occur. Lack of growth and of 
sexual development would also be natural corollaries to anterior pituitary 
dysfunction. Van Creveld and Loeschke both record that there is an 
enhanced susceptibility to insulin, a condition also found in hypophysecto- 
mized animals. 

It must be pointed out, however, that no such conditions as are seen in 


von Gierke’s disease have been reported in these animal experiments, but 
there must be a big difference between the results of an acute mutilating 
experiment and the long-standing condition found in this disease. 


Differential Diagnosis 


Whilst finally the diagnosis rests on histological and biochemical investi- 
gation, the clinical picture of glycogen disease is usually one which few other 
conditions simulate at all closely. Gaucher’s disease and Niemann-Pick’s 
disease are both differentiated by the splenomegaly, whilst cirrhosis of the 
liver, also, will in childhood be associated, almost invariably, at some stage 
of the disease, with splenic enlargement, and ultimately with ascites, evidence 
of collateral circulation, and jaundice. Syphilis must be excluded in all 
cases, but here again the absence of all other stigmata will go far to negative 
that diagnosis. 

As in most cases of glycogen disease the hepatic enlargement is known to 
date from early childhood, new growths involving the liver will seldom cause 
confusion. Of these, neuroblastoma of the suprarenal (Pepper type) is the 
most likely in young children to cause extreme hepatic enlargement from 
metastasis, but the condition is highly malignant and the course rapid. In 
glycogen disease, on the other hand, the liver remains firm, smooth, uniformly 
enlarged, and non-tender for many years. 
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A condition which is much less readily distinguished, and which may give 
rise to some at least of the same biochemical changes, is hypertrophic 
steatosis of the liver ; examples have been described in children by Bjérum, 
Grenet et al., Debré and Sémelaigne, and by Kramer, Grayzel, and Solomon. 
In these instances the condition appeared to be congenital or to date from 
early infancy, whilst Bj6rum’s cases were familial. Mauriac has described a 
similar condition developing in later childhood in a diabetic receiving insulin. 
Histological examination has shown an extreme degree of fatty infiltration 
of the liver. The fasting blood-sugar has been found to be low (Kramer’s 
case dying in a hypoglycaemic seizure), and in Kramer’s case also the blood- 
sugar response to adrenalin injection was minimal. As in glycogen disease, 
there may be considerable retardation of growth. Acetonuria does not 
appear to be an essential feature of steatosis, and Debré and Sémelaigne 
have described the presence of doubly refractile lipoid bodies in the urine. 

The relationship, if any, of hypertrophic steatosis to glycogen disease is at 
present quite obscure. Debré et al. (18) have suggested the name ‘ Hépato- 
mégalies polycoriques ’ (7oAv much, xépos, surfeit) to include both conditions, 
which they regard as having an essential unity, but Comby and others have 
urged the retention of the two types. It is of interest in this connexion 
that one of von Gierke’s original cases showed the presence of both glycogen 
and fat in the liver cells, though the former predominated. 

Whilst it appears possible on clinical and biochemical grounds to make the 
diagnosis of glycogen disease with some confidence in classical cases, there 
will be found others which are atypical in various respects, and in which, in 
the absence of histological examination, the nature of the condition can only 
be suspected. Cases 6 and 7 have been included in illustration of this. 
Case 6 has shown very considerable differences in the adrenalin test on the 
three occasions on which it has been carried out. Twice there has been a 
_ defective, and once a normal, rise of blood-sugar. The fasting blood-sugar 
is not as low as in most of the established cases, and the blood cholesterol is 
not raised. Also the tip of the spleen is here palpable, though the enlarge- 
ment is very slight. 

Case 7 is in many ways;more interesting, on account of the enormous 
hepatic enlargement present during the first months of life and the rapid 
decrease in size during the second year. In this instance, acetonuria was 
never found, the fasting blood-sugar tended to be low but was within normal 
limits, the blood cholesterol was not raised, and the adrenalin response, 
though abnormal, was not typical of glycogen disease. It is possible that 
this represents an example of hypertrophic steatosis, which has undergone 
spontaneous remission. 

The biochemical findings in glycogen disease may be summarized as 
follows :— 

1. The habitual presence of acetone bodies in the urine, generally in the 
morning, though not necessarily throughout the day. 

2. A low fasting blood-sugar. 
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3. A raised blood glycogen. 

4. Failure of the blood-sugar to rise normally (i.e. over 30 mg. in 15 to 
30 min.) following the injection of adrenalin. 

5. A delayed fall, or other abnormality of the blood-sugar curve, following 
the glucose test meal. 

6. A rise, in some cases, of the blood-sugar in the half-hour following 
ingestion of laevulose. 

7. A raised blood cholesterol. 

These criteria are not separately to be regarded as diagnostic, and in fact 
several may co-exist in other conditions; when all are present in the same 
patient, however, and are associated with the clinical features described 
above, they form a syndrome sufficiently characteristic to justify the dia- 
gnosis of glycogen disease. 


Summary 


1. Five cases of glycogen disease are reported, and the symptoms and 
biochemical findings of the disease discussed. 

2. The familial nature of many of the cases indicates a congenital origin, 
and the possibility of the condition being inherited as a Mendelian recessive 
character is suggested. 

3. The aetiology of the disease cannot be regarded as established, but the 
existing evidence points to defect of the glycogen-splitting ferment and is at 
least consistent with anterior pituitary dysfunction. 


Case Reports 


The ‘B’ Family (Cases 1, 2, and 3). 

The three patients are the only children of healthy parents, who are unre- 
lated. The Wassermann reaction of both parents is negative. No similar 
condition is known in either parent’s family, but it has not been possible to 
examine collaterals. 


Case 1. Albert B., aged 18 years, was admitted to the Hospital for Sick 
Children in 1920 (aged 3 years), under Dr. Poynton, on account of the large 
size of the abdomen. This had been noticed since earliest infancy (probably 
since birth). The boy was born at term, and was delivered normally, weigh- 
ing 9 lb. Infancy had been in every way normal except for occasional vomit- 
ing, and, later, occasional epistaxes, which have not recurred since early 
childhood. At the age of 3, the boy was well developed. weighing 33} Ib. : 
the abdomen was greatly distended by the firm, smooth, non-tender liver, 
the lower margin of which lay below the umbilicus. The spleen was not 
palpable, and no other physical signs of disease were found. He was ad- 
mitted six months later on account of jaundice and vomiting, of sudden 
onset, associated with a single severe epistaxis and with the presence of bile 
in the urine. The jaundice cleared rapidly. Since this time he has been 
in good general health, and has earned his living as an office-boy for the past 
four years. Since early childhood there has been an increasingly obvious 





GLYCOGEN DISEASE 45 


degree of statural infantilism. At the age of 14} he was the height and 
weight of a normal boy of 8. The urine has contained traces of acetone on 
repeated examinations. 


Present state. Height 49 in. (124 cm.), weight 67 lb. (approximately that 
of a normal boy of 104), circumference of head 53 cm., chest 66-5 cm., 
abdomen 71cm. The boy has the brevilinear proportions, small maxilla, 
and small nose of pre-adolescence ; there are no signs of puberty, the tes- 
ticles, though descended, being small, the penis undeveloped, and secondary 
sexual characters absent. The abdomen is very prominent, due to the large 
size of the liver, which extends 22 cm. below the xiphisternum in the mid- 
line. The liver is smooth, firm, but not abnormally hard, and is not tender. 
The spleen is not palpable. The boy appears healthy and active, and is not 
jaundiced, although he has a somewhat muddy complexion; there are no 
telangiectases, and the abdominal veins are not distended. There is no ex- 
cessive deposition of fat. X-ray of sella turcica (at the age of 14) showed 
no abnormality. 


Case 2. Olive B., aged 14 years, has had good health apart from retarda- 
tion of growth, and transient jaundice following tonsillitis at 18 months of 
age. She weighed 93 lb. at birth. She is good at games, and normal for 
her age in school work. The abdomen has been large since birth. She 
has not menstruated. There have been no hypoglycaemic symptoms. At 
the age of 34 years she measured 30} in. (normal 36 in.) in height. The 
urine has constantly contained traces of acetone bodies. 


Present state. Height 47 in. (normal for age 60 in.), weight 61 lb. (normal 
100 lb.), approximately the average figures for a girl of 8 to 9 years. There 
are several small telangiectases on the face, and she has a muddy com- 
plexion similar to that of her brother whom she closely resembles. The 
abdomen is prominent, with a firm smooth liver extending to the umbilicus ; 
the spleen is not palpable. There is no mammary development or other 
evidence of the onset of puberty. Dentition is very much delayed, all the 
temporary teeth still being present, but the appearance of the centres of 
ossification is within normal limits. X-ray of the sella turcica shows no 
- abnormality. 


Case 3. Alma B., aged 11 years, has also been free from symptoms; she 
was born at term, weighing 9 lb., and had no illnesses except exanthemata. 
Her retardation in growth is less marked than that of her brother and sister, 
(She is almost the same size as Olive, who is 3 years older). She is in 
every way the most nearly normal of the three children, and has never been 
jaundiced. The urine contains traces of acetone bodies. 


Present state. Height 464 in. (normal for age 54 in.), weight 64 lb. 
(normal for age 703 lb.). She is very active, and has a normal complexion. 
The abdomen is less prominent than in the case of Albert and Olive, and 
the liver extends only three finger-breadths below the costal margin. There 
are no secondary sexual characters present. Dentition is delayed; the 
appearance of the ossific centres and the sella turcica is normal for age. 


The ‘M’ Family (Cases 4 and 5). 

The two patients are girls, and are the second and third children of 
parents who are unrelated. The father is alive and well: his Wassermann 
reaction is negative. The mother died in 1929 from influenzal pneumonia ; 
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shew as obese, weighing 18 stone. At the post-mortem examination her liver 
was described as ‘much enlarged and fatty’ (no histological examination 
was made). The first child, a boy, died in 1918 from influenza, aged 2 years 
9 months: he is said to have had ‘a very large spleen’ (? liver) since in- 
fancy. There have been no miscarriages. A step-brother by the father’s 
second wife is microcephalic and mentally defective: his liver is not 
enlarged. 


Case 4. Violet M., aged 15 years, was free from symptoms during in- 
fancy, the large size of the abdomen being noticed when she was about 
2 years old. Since this time she has grown very slowly, and has been 
slender and easily tired. She has been one to two years below the average 
in school work, but is now able to do dressmaking work satisfactorily. In 
1928 (aged 8? years) she suffered from jaundice of short duration, the 
younger sister being affected at the same time. She has not menstruated. 
The urine has consistently shown acetone bodies in small amount on re- 
peated examination. 

When first admitted to the Hospital for Sick Children, under Dr. Thurs- 
field at the age of 9 years 2 months, her height was 45 in. (normal for age 
49 in.) and her weight 47 lb. (normal 57} lb.); the liver extended to the 
umbilicus. 


Present state. Height 55? in. (normal for age 613 in.), weight 68 Ib. (nor- 
mal for age 1084 lb.) A slender girl, with sallow complexion and childish 
facies, showing approximately four years’ retardation in growth and de- 
velopment. No secondary sexual characters have appeared. The upper 
and lower incisors and the first molars are permanent teeth, the remainder 
being of the first dentition. The abdomen is somewhat distended by the 
greatly enlarged, firm, smooth liver, which extends to a distance of 1 in. 
below the umbilicus. The liver is not tender, and there is no ascites or 
dilatation of the abdominal veins. The spleen is not palpable. The urine 
constantly shows traces of acetone bodies, but no other abnormal con- 
stituents. 

Radiological examination of the sella turcica shows no abnormality ; the 
long bones appear slender and poorly calcified. There is some delay in the 
appearance of the centres of ossification, but this is not so marked as the re- 
tardation in growth. 


Case 5. Ivy M., aged 12 years 10 months, was backward in walking and 
has never been robust, although she has had no severe illnesses. She was 
late in going to school, and is now considerably below the average in her 
school work. She has always been very easily tired and frightened, and 
cries on trivial provocation. She had a transient attack of jaundice in 
the autumn of 1928, at the age of 6, at the same time that her sister was 
affected. Her birth weight is not known, but she has been undersized since 
infancy, the retardation becoming more obvious as she gets older. When 
first examined at hospital at the age of 7, she measured 38} in. in height 
(normal 46 in.), and weighed 35 Ib. (normal 48 lb.). Hepatic enlargement 
was noted at this time. 

Present state. Height 48 in. (normal 58 in.), weight 56 Ib. (normal 91 Ib.). 
Like her sister, she is slender and sallow, and shows four to five years’ re- 
tardation in growth. Her teeth are all of the first dentition, and there are 
no secondary sexual characters. The abdomen is distended by the liver, 
which has a deep anterior notch: the lower border lies an inch above the 
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umbilicus. The spleen is not enlarged, and there is no ascites or jaundice. 
Acetone bodies are present in the urine. 

Radiological examination of the skull and long bones is similar to that of 
the elder sister. 


Case 6, a girl aged 4 years 2 months. Full term, normal delivery, birth 
weight 7 lb.; she was breast fed for nine months. Her mother suffered 
from appendicitis and renal calculus during pregnancy. The patient had 
attacks of vomiting at 4 and 7 months of age. At 21 months she had pneu- 
monia and diphtheria followed by pertussis and scarlet fever. She was 
admitted to hospital in February 1934, aged 2 years 8 months on account 
of abdominal pain and vomiting of three weeks’ duration. At that time 
the liver was palpable three finger-breadths below the costal margin, and 
the tip of the spleen could just be felt. There was no jaundice. The 
vomiting ceased after admission to hospital. She had measles in March 
1934. 

The parents are unrelated and are healthy. The other children are: a 
girl aged 133 years, weight 100 lb., said to have had ‘ inflammation of the 
liver’ following appendicitis—-liver and spleen not felt; a boy aged 11, 
weight 67 lb., tip of spleen palpable, liver not felt; a girl who died aged 11 
months from broncho-pneumonia ; a boy aged 7, weight 51 Ib., spleen and 
liver not felt. The patient is the youngest child. There have been no 
miscarriages. 


On examination (January 1935), a well-nourished girl, weighing 33 Ib. ; 
height 36 in. (normal 38 in.), Circumference of abdomen 203 in. Normal 
colour. Tonsils enlarged ; several carious teeth, tonsillar nodes slightly en- 
larged. The liver was palpable three finger-breadths below the costal 
margin, and was uniformly enlarged, firm, and not tender. The tip of the 
spleen was just palpable at the costal margin. There were no other signs of 
disease. The patient developed faucial diphtheria 7.2.34, and was trans- 
ferred to a fever hospital. 


Urine specimens examined throughout the twenty-four hours showed 
acetone present (Rothera’s test positive) at 8 a.m., a trace of acetone (weak 
- positive test) at 12.30 p.m., and subsequent specimens, until 8 p.m., were 
negative for acetone bodies. 


Blood examination (19.2.34): R.B.C. 4.500,000 per cm.; W.B.C. 10,000 ; 
polymorphonuclears 44 per cent.; large lymphocytes 16 per cent.; small 
lymphocytes 30 per cent.: mononuclears 8 per cent. ; eosinophils 2 per cent. 

Since this time (January 1935) the child was in good general health until 
June 1935 when she was readmitted to hospital with pyrexia of sudden 
onset, associated with extreme drowsiness, abdominal pain, headache, and 
vomiting. On admission, her temperature was 103° F., pulse-rate 160, and 
respiration-rate 40. She was semi-comatose, and there was much acetone 
in the urine. The liver was enlarged and the spleen palpable as before, but 
no localizing signs in the throat, chest, or abdomen were found to account 
for the temperature. She was given sips of glucose by mouth, but as these 
were vomited, 5 per cent. glucose was given by continuous venoclysis for 
twenty-four hours. At the end of this time her general condition had im- 
proved, and she was able to take fluids by mouth. The temperature, pulse, 
and respiration-rate fell to normal on the fifth and sixth days, and the child 
was discharged free from symptoms six days later, the urine still showing 
traces of acetone. 
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Case 7, a girl, aged 21 months, was brought to hospital at the age of 3 
months on account of the enormous size of the abdomen. This was noticed 
at the age of 5 weeks, but may have been present before this time, and had 
become increasingly obvious. The child had been born without difficulty, 
labour having been induced two weeks after term. The birth weight was 
7 lb. 12 oz., and the child was breast fed. The stools and urine had been 
normal, and there had been no symptoms apart from the large size of the 
abdomen. 

The parents are unrelated and are both healthy; there have been no 
other pregnancies. The paternal grandfather died from diabetes, and the 
maternal grandfather had an enlarged liver (? alcoholic cirrhosis). 

When shown before the Children’s Section of the Royal Society of Medicine 
(R.W.B.E., 1933) at the age of 4 months, the child was not jaundiced, and 
appeared healthy except for the very large abdomen, which was 18 in. in 
circumference at the level of the umbilicus. The liver was enormously 
enlarged, forming a smooth, firm mass extending to midway between the 
pubis and umbilicus in the midline, and touching the pelvis on the right 
(see Plate 3, Fig. 5). There was no evidence of ascites or collateral circula- 
tion, though the umbilicus was everted, and the spleen could not be felt. 
Liver puncture was unsuccessful in obtaining sufficient tissue for microscopy, 
The urine contained a trace of albumin but no sugar or acetone bodies. 

Since the age of 4 months, the infant has been frequently examined and 
has progressed normally. The decrease in size of the liver has been very 
striking, and when the child was shown again before the Royal Society of 
Medicine in 1935 (aged 19 months) she weighed 224 lb. and the liver ex- 
tended only two finger-breadths below the costal margin. The right lobe 
formed a firm mass in the right loin; the spleen could not be felt. No 
acetone bodies have been found in the urine on repeated examination at 
different times of day. 

(The Wassermann reaction was negative in each of the above cases.) 


We wish to thank Drs. Poynton, Hutchison, Thursfield, and Cockayne for 
permission to report these cases admitted under their care, and Mr. D. Martin 
for the photographs. 
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TWO CASES OF MUSCULAR DEGENERATION OCCURRING 
IN LATE ADULT LIFE, WITH A REVIEW OF THE 
RECORDED CASES OF LATE PROGRESSIVE MUSCULAR 
DYSTROPHY (LATE PROGRESSIVE MYOPATHY)? 


By S. NEVIN 
(From the Research Unit, National Hospital, Queen Square, London) 


With Plates 4 and 5 


Introduction 


Primary degeneration of the voluntary muscles in late adult life is not 
a common disease. The most likely cause of such a condition, especially if 
it is chronic in nature, is progressive muscular dystrophy. In the two cases 
which form the chief subject of this paper, microscopical examination of 
affected muscle obtained at biopsy showed pathological changes differing 
at least in degree from those characteristic of progressive muscular dys- 
trophy. In these cases, in different parts of the muscle, there was found 
a local degeneration and complete breaking-down of the muscle-fibres which 
was strikingly different from the usual changes in the fibres in progressive 
muscular dystrophy. On this account the diagnosis of these cases required 
careful consideration, and they will therefore be described first, and the 
reasons given for regarding them as late cases of progressive muscular 
dystrophy. The literature of late cases of progressive muscular dystrophy 
will then be reviewed and discussed in relation to the cases now being 
described. 


Case 1. S. L., female, aged 68 years, was admitted to the National 
Hospital under Dr. Critchley, on February 22, 1934. Her father died at 
52 years of age from consumption and creeping paralysis. He had been 
affected with paralysis for ten years, but the nature of the disease is not 
known. Otherwise there was nothing of importance in the family or past 
history of the patient. 

The patient was quite well up to the onset of the present illness, nine 
years before admission, when she was aged 59 years. This commenced with 
the gradual onset of weakness of the back so that she was not able to lift 
heavy objects. The weakness very slowly got worse. Two years later she 
began to notice difficulty in going upstairs although she still could walk 
quite well on the level. After a further two years she noticed some difficulty 
in walking on the level, and also that her arms were becoming affected so 


1 Received August 10, 1935. 
[Q.J.M. New Series No. 17] 


LIBRARY 
BOSTON UNive 
SCHOOL o- 


RSITY 
MEDICINE 





52 QUARTERLY JOURNAL OF MEDICINE 


that she had difficulty in getting them above her head and in performing 
such actions as brushing garments. Two years later, and six years from the 
onset, the weakness of her legs had become so much worse that she found 
difficulty in rising from her knees and began to use a stick in walking. For 
the three years before admission to hospital the weakness in the arms, back, 
and legs had gradually got worse, but the patient was still able to use her 
arms fairly well and get along with the aid of a stick. She had complained 
intermittently for three years of pain in her back which followed much 
work with her hands. There were no other subjective symptoms. 

On examination the patient was attentive and co-operative. The cranial 
nerves were normal and the neck muscles were well developed and powerful. 
In the arms, muscular wasting was obscured by adipose tissue, but was 
nevertheless very obvious in the deltoid and biceps brachii muscles. The 
forearm muscles were slightly thin, but there was no wasting of the small 
muscles of the hands. There was a varying degree of weakness of all the 
muscles of the arms except the flexors of the fingers and the small muscles 
of the hands. The pectoralis major and biceps brachii muscles were ex- 
tremely weak. The action of the deltoid and the other shoulder girdle 
muscles, although somewhat stronger, was also very much reduced; this 
was greater on the right side. The weakness in the triceps brachii muscles 
and flexors and extensors of the wrist was moderate in degree ; extension of 
the wrist was weaker than flexion. The brachio-radialis muscle on both sides 
contracted moderately well. Tone was flaccid in both limbs, and co-ordina- 
tion was normal apart from the effect of the weakness. The patient was 
unable to sit up without assistance, but was able to raise herself to an angle 
of 45°. 

In the legs there was obvious wasting of the gluteal muscles and slight 
wasting of the thigh muscles. This was greater on the left side. The 
weakness affected all the muscles of the limb, but was very much greater 
proximally, as in the arms. Flexion and extension at the hip were very 
weak, at the knee moderately weak, and at the ankles and toes only slightly 
reduced. Tone and co-ordination were normal, apart from the effect of the 
muscular weakness. There was no hypertrophy of the muscles, no fibrilla- 
tion, and no contracture. The reaction of degeneration was not present 
on electrical examination of the muscles. 

The deep reflexes were absent in the arms with the exception of the 
finger-jerk, but were present in the legs. The abdominal reflexes were 
present and the plantar reflexes were flexor. There was no sensory loss. 

The patient was able to walk slowly, moving her legs carefully and 
swinging her arms poorly. 

The blood-pressure was jon No abnormal physical signs were found in 
the cardiovascular, respiratory, or alimentary systems. The cerebrospinal 
fluid was normal in all respects. 

Microscopical and chemical examination was made of small pieces of 
tissue obtained from the left triceps muscle at biopsy. For histological 
examination a piece of the muscle was embedded in celloidin and the 
sections stained with iron haematoxylin and counterstained with van 
Gieson and eosin. These showed a very extensive pathological change, con- 
sisting in the presence of areas of degenerated muscle-fibres throughout the 
muscle. In these places the sarcolemmal nuclei were multiplied and 
swollen, and there was an accumulation of apparently phagocytic cells 
(Plate 4, Figs. 1 and 2). These foci of degeneration varied in size and 
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shape, but generally, on transverse section, they occupied the area of two 
to three fibres, and, in longitudinal section, they extended along the muscle- 
fibres for three to four times their width. The foci were to a certain extent 
circumscribed, but at some places the edge of the lesion was not sharply 
delimited. In transverse section the areas of muscle between the foci of 
degeneration presented a normal appearance; except that there was a 
definite general increase in the size of the fibres, which were rounder than 
normal, with an occasional centrally placed nucleus. There was some in- 
crease in fibrous tissue, especially adjacent to the foci of degeneration, and 
here the fibres were more separated and much rounder than normal. There 
was no great variation in size of the muscle-fibres. 

The details of these changes, as seen under high power, were as follows: 
In longitudinal section the muscle-fibres were seen to narrow down or 
become irregular as they approached the foci of degeneration. Other fibres 
were broken off abruptly at the edge of the lesion or became hyaline and 
extended some little distance into it, while the most adjacent fibres which 
were not interrupted were frequently narrowed and irregular. The focus 
itself consisted of muscle-fibres which were broken up into small irregular 
and indefinite masses, lying in the fine fibrous tissue stroma of the focus. 
Associated with these small masses of degenerate muscle-fibre were swollen 
and proliferated sarcolemmal nuclei. Sometimes one nucleus was seen in 
the centre of an indefinite mass of degenerating muscle, or in other places 
the typical appearance of a foreign body giant cell was produced ; but for the 
most part the sarcolemmal nuclei and degenerating fibres were present 
throughout the focus in indefinite relationship the one to the other. The 
sarcolemmal nuclei were irregular in shape and often more lightly stained 
than normal. Throughout the lesion, and sometimes encroaching on the 
larger masses of degenerating muscle-fibre, there was an accumulation of 
smaller and darker staining nuclei. These were very irregular in shape, 
and appeared to be nuclei of phagocytic cells of endothelial character. 
Fibrosis was evident in all the lesions, and occasionally this was so advanced 
that only a slight excess of cells indicated the process that had occurred. 

Also, under higher power, it was seen that many of the more normal 
looking fibres showed areas in their length, roughly about two to three times 
their width, in which the sarcolemmal nuclei were greatly multiplied and 
the muscle-fibre appeared very slightly narrowed over this small area. 
Occasionally, at some of these places, a slight accumulation of cells similar 
to those present in the larger foci of degeneration were present but, apart 
from this, there was no gradual transition from these slight changes to the 
gross lesions. The multiplied sarcolemmal nuclei were rounder and more 
regular than those present in the advanced lesion (Plate 4, Figs. 3 and 4). 

These changes were fairly evenly spaced throughout the piece of muscle 
examined. It is of course impossible to say how the changes may vary in 
differently affected muscles. 

Chemical examination was made of resting, contracted, and recovered, 
muscle in order to investigate the changes in the phosphorus-holding com- 
pounds. The muscle was contracted by direct stimulation with faradic 
current for five minutes and recovery was allowed to take place for forty 
minutes. The results of the analysis are given in Table I. 

They show a deviation from the normal in that the creatine phosphoric 
acid in the resting muscle is much below normal; and also the changes pro- 
duced by contraction are much less than normal. There is a slight increase 
in adenosine phosphoric acid. These changes are not such as are likely to 
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be primarily chemical and to have led to the muscle degeneration. They 
are analogous to those already described in juvenile muscular dystrophy (1), 
and they have been regarded in these cases also as secondary to the muscle 
degeneration. The changes on contraction are very slight, but this may be 
accounted for by the fact that the area examined showed very great patho- 
logical change. It was not possible to examine the creatine creatinine out- 
put in the urine in this case, but the patient was treated with glycine for 
several months without any benefit or change in her condition. 


TABLE I 


Resting. Contracted. Recovered. 
f 

% of % O % of 

Me. sot. ME tora. ™S total. 


Total acid soluble P. per grm. of muscle 0-640 — 0834 — 0-450 — 
Of this: 

As free orthophosphate 0-096 15:0 0-166 20:0 0-062 13-7 

Creatine phosphoric acid 0-184 28:7 0-220 26-4 0-131 29-2 

Adenosine phosphoric acid 0307 48:0 0366 43:8 0-214 47-5 

Soluble esters 0-053 83 0-082 98 0-043 9-5 


Case 2. M. B., female, aged 58 years, was admitted to the National 
Hospital, under the late Dr. Collier, on August 1, 1929. There was nothing 
of importance in the family or personal history of the patient. 

She was quite well up to one year before admission to hospital when she 
began to complain of gradually increasing weakness of her shoulders so that 
she could not lift her arms above her head, and had difficulty in doing her 
hair and in bringing her arms together in front of her. The right arm 


seemed to be affected first. Two months after the weakness of the arms 
commenced, her legs began to get heavy and to tire easily, so that she 
became slow in walking and in getting about the house. The weakness in 
the arms and legs very slowly got worse till admitted to hospital. The 
patient also complained of a slight dull pain in the right shoulder, and some 
cracking of the bones when she moved her neck. These symptoms had been 
present for two months before admission. There were no other subjective 
symptoms. 

On examination, she was attentive and co-operative. The cranial nerves 
were normal, and the neck muscles strong and well developed. In the arms 
there was wasting and weakness of the lower part of the trapezius, the 
spinati, the deltoid, and the pectoralis major muscles. The biceps brachii 
and triceps brachii muscles were also affected, the weakness being much 
greater on the left side. Apart from slight weakness of dorsal flexion of 
the wrists, the power in the forearm and hand muscles was good. There 
was no abnormality of tone or co-ordination, and there was no fibrillation. 
The movements of the trunk were strong and the patient could sit up from 
a recumbent posture without using her hands. In the legs there was only 
slight weakness and wasting of the buttock and thigh muscles, which was 
much greater on the left side. The reflexes were all present, but the biceps 
and triceps jerk in the left arm and the knee and ankle jerk in the left leg 
were diminished. There was no sensory loss or abnormality in the respira- 
tory, cardiovascular, or alimentary systems. The patient was able to walk 
slowly without assistance. 

The patient was discharged from hospital on October 5, 1929, and was 
re-admitted on June 22, 1934, then aged 63 years. During the intervening 
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four years and eight months her condition had gradually got worse, 
especially in her back and legs, so that for the past two to three years she 
had been unable to sit up without support, and for some months had only 
been able to crawl about the house. Examination of the muscular system, 
at this time, showed considerable advance in the muscular weakness, but 
excess of subcutaneous fat obscured the observation of muscular wasting. 
There was no facial weakness. The neck muscles were strong. There was 
varying weakness of all the arm muscles except the flexors of fingers and 
the small muscles of the hand. The weakness was extremely severe in all 
the shoulder girdle muscles; the upper part of the trapezius was present 
and contracted moderately well, but the lower part of this muscle was com- 
pletely atrophied. Extreme weakness was also present in the biceps brachii 
muscles: this was greater on the left side. The weakness in the triceps 
brachii muscles, and the flexors and extensors of the wrist, was moderate in 
degree ; and extension of the wrist was weaker than flexion, especially on 
the left side. The patient was unable to sit up from the recumbent posture 
without assistance. 

In the legs, as in the arms, the weakness was very much greater proxi- 
mally. The patient was not able to lift her legs off the bed, and the only 
movements possible at the hip-joint were internal and external rotation 
and slight extension. At the knee flexion was also very weak, but exten- 
sion was only moderately weak. The movements at the ankle and toes 
were strong. The patient was not able to walk. 

There was no fibrillation in the arms or legs, and the weakened muscles 
were flaccid and without contracture. There was no muscular hypertrophy. 
The reaction of degeneration was not present on electrical examination of 
the muscles. The biceps jerk on both sides, and the left ankle jerk were 
absent. The remaining deep reflexes were diminished. The lower abdominal 
reflexes were absent, the upper present, and the plantar reflexes were 
flexor. 

The blood Wassermann was negative. Microscopical and chemical ex- 
amination was made of muscle obtained at biopsy from the left deltoid 
muscle. For histological examination a piece of muscle was embedded in 
celloidin and the sections stained with iron haematoxylin and counter- 
stained with van Gieson and eosin. These showed a pathological change 
very similar to that described in Case 1 but more diffuse and irregular and 
less focal in the affected area of the muscle. It was also more chronic, in 
that much more fibrosis had taken place. Early changes shown by local 
proliferation of sarcolemmal nuclei and narrowing of the muscle-fibres were 
also present, although not so widespread. In this case, considerable areas 
of the muscle were not affected, but the muscle-fibres in general were 
rounder than normal on transverse section, and in places much larger, 
and there was a general increase of fibrous tissue throughout the muscle. 
Centrally placed nuclei were not common. The muscle-fibres in large 
measure stained very lightly with eosin, while some of the fibres took up 
the haematoxylin staining rather heavily, and on longitudinal section the 
transverse striation of the fibres was poorly marked. Fissuring of the fibres 
was occasionally seen. 

In the piece of muscle examined the advanced pathological change was 
practically confined to one end of the section, but here it was diffuse and 
widespread, and not focal as in Case 1. The muscle-fibres entering this area 
became narrowed, distorted, and broken up amidst whorls of connective 
tissue, in which there were also embedded areas of very cellular tissue 
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consisting of very degenerated muscle-fibres, proliferated sarcolemmal nuclei, 
and phagocytic cells. All stages in the degeneration of the muscle-fibres 
were seen. There were well-preserved lengths of fibres, somewhat swollen, 
and with slight multiplication of their nuclei. In places such fibres were 
being encircled by fibrous tissue which was very cellular or were being 
encroached upon by apparently phagocytic cells. Some fibres were broken 
up into small fragments stained lightly yellow with van Gieson, and cut 
off from each other by strands of fibrous tissue. In places these small 
masses were stained very faintly and contained numerous large, swollen 
sarcolemmal nuclei, and in other places they were so degenerated as to be 
hardly recognizable except by the presence of the proliferated sarcolemmal 
nuclei. Small dark, ovoid, or irregularly shaped nuclei, probably of endo- 
thelial cells of phagocytic character, occurred everywhere amongst the most 
degenerated muscle-tissue, but in some places they were few in number, 
while in others they occurred in small masses (Plate 5, Figs. 5 and 6). 
The eafly stages of the process occurring in the more normal parts of the 
muscle were exactly like that in the first case. A local proliferation of 
sarcolemmal nuclei occurred in a part of a muscle-fibre which was slightly 
narrowed and surrounded at this point by slight increase in fibrous tissue, 
containing small, darkly staining nuclei. 

Chemical examination was made of resting and contracted muscle, the 
contraction being produced by direct faradic stimulation for five minutes. 
The results are given in Table II. 


TaBLeE II 
Resting. Contracted. 








ia "ie ay 
Mg. %oftotal. Mg. % of total. 


Total acid soluble P. per grm. of muscle 0-874 — 0-712 — 
Of this : 

As free orthophosphate 0-120 13-7 0-206 28-9 

Creatine phosphoric acid 0-342 39-1 0-148 20-8 

Adenosine in phosphoric acid 0.373 42-7 0-262 36°8 

Soluble esters 0-039 4:5 0-096 13-5 


The values for the resting muscle were very similar to the normal, but 
the break-down in creatine phosphoric acid on contraction was somewhat 
less than normal. This alteration, however, was only slight, and was of the 
same nature as that found in Case 1, and corresponded with the similar 
change which has been found in other cases of muscle degeneration and 
which has been considered secondary to it (1). The patient was treated 
for three and half months with glycine, 30 grm. daily, with no apparent 
benefit. During the early part of the treatment the creatine creatinine 
output in the urine was measured and the results are given in the diagram. 
It will be seen that a considerable creatinuria was produced by glycine, and 
that this continued during the whole period of observation. The creatinuria 
after glycine has occurred, although the creatine phosphoric acid content of 
a sample of diseased muscle in the resting state, and taken before the ad- 
ministration of glycine, was within normal limits. This shows clearly that 
in cases of primary muscular degeneration an alteration in the creatine 
output in the urine after the administration of glycine cannot be taken to 
indicate an abnormality of the creatine phosphoric acid content of the 
muscles. 
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Discussion of the Cases 


These two cases, which have just been described, are similar clinically 
and pathologically. The diagnosis of primary muscular degeneration seems 
certain, and clinically there was no evidence of involvement of the nervous 
system. The nature of the muscle degeneration is, however, more difficult 
to diagnose on histological grounds, since the alterations are somewhat 
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Dracram. To show the creatine and creatinine output in the urine before and after 
glycine in Case 2. The patient was on a creatine free diet for the first seventeen days 
of the experiment. 


different from those previously described in cases of progressive muscular 
dystrophy or chronic myositis—the two most usual causes of progressive 
muscular degeneration. The diagnosis of chronic myositis is very unlikely 
on clinical grounds. In the first case, the disease has already lasted nine 
years, and the patient is still able to get about. In the second case, the 
disease has lasted six years and, although she is now unable to get about, 
her general health is good. Such a long history with good general health is 
unusual in myositis. Further, the advanced wasting of the muscle and the 
much greater predominance of the wasting and weakness proximally, with 
considerable difference in the degree of affection of adjacent muscles 
(especially the complete atrophy of the lower part of the trapezius, with 
preservation of the upper part, in the second case), are very much against 
the diagnosis of myositis or of any inflammatory process. Also there was 
complete absence of contracture, a sign which is very characteristic of 
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chronic myositis; and at no time was there any evidence of lesions of the 
skin or nerves such as are found in the cases known as dermato-neuro- 
myositis. 

On the other hand, the clinical features which are against the diagnosis 
of myositis are very characteristic of progressive muscular dystrophy. 
However, while some of the pathological changes observed in the cases, such 
as increase in the size of muscle-fibres with more rounded outline, increase 
in connective tissue, and proliferation of sarcolemmal nuclei, are found in 
progressive muscular dystrophy, the main pathological change in the 
muscles differs from the changes in this condition described in the literature. 
It became a question, therefore, as to whether the cases should be included 
in the group of disorders known as progressive muscular dystrophy, or 
regarded as a primary muscular degeneration of some other kind. The 
former view has been taken because muscle taken from cases of juvenile 
muscular dystrophy occasionally shows slight changes of a similar nature to 
those seen in the cases of this paper. Thus in a case of Erb’s juvenile 
type of progressive muscular dystrophy, sections taken from the triceps 
brachii and rhomboid muscles showed in some places muscle-fibres or areas 
of such fibres, where hyaline degeneration or breaking-up of those fibres 
had occurred. There was present in these areas marked local proliferation 
of sarcolemmal nuclei, which were sometimes outside the sarcolemmal sheath 
and in association with remnants of degenerating muscle-fibres (Plate 5, 
Fig. 7). A similar lesion was occasionally seen in sections taken from a 
case of pseudo-hypertrophic muscular dystrophy. Formation of false giant 
cells was, however, not seen, and there was no great accumulation of small 
dark phagocytic cells, nor was there any change approaching in degree the 
larger focal lesions in Case 1. It is possible, however, that this is an 
extreme accentuation and development of a pathological change which is 
a feature of the pathology of progressive muscular dystrophy at some stage 
in its development. There is still no definite knowledge about the essential 
nature of the degeneration of the muscle-fibres in this disease, and it is 
possible that different appearances may be produced depending upon the 
rate of degeneration of individual fibres. It seems wise, therefore, while 
waiting for detailed pathological examinations and reports of similar cases, 
to regard these cases as late cases of progressive muscular dystrophy with 
special pathological features. 

It will have been noted that the slight deviations from the normal which 
were found on chemical examination of the muscle were similar to those 
found in juvenile muscular dystrophy. Very little weight, however, can be 
attached to this similarity, from the point of view of diagnosis, because the 
changes are secondary to the muscle degeneration and are not specific. 
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Review of the Literature of Cases of Late Progressive Muscular Dystrophy 


Records of isolated or sporadic cases of late progressive muscular dys- 
trophy in the literature are not very numerous, and only some twenty- 
seven cases have been found. In five of these cases there was evidence of 
primary disease of the central or peripheral nervous system. Krabbe (2) 
described two cases in one family in which the weakness was confined to 
the legs. In the first case, there was considerable superficial sensory loss 
and the knee jerks were absent in spite of the presence of very good 
muscular power in the femoral muscles. The tissue removed at biopsy 
showed only fat. Frohmaier (3) has described a case in which there was 
atrophy of the anterior horn cells, and Sacra-Tulbure (4) one in which there 
were extensive lesions in the spinal cord and peripheral nerves, while in 
Pick’s case (5) degeneration in the nervus accessorius and nervus axillarus 
was found. The diagnosis in these five cases must, therefore, be considered 
doubtful, and they will not be discussed further. 

In sixteen of the cases the diagnosis seems certain, and the clinical and 
pathological features correspond for the most part to the juvenile form of 
muscular dystrophy known as Erb’s type. On this account the clinical 
features of these cases will not be detailed, but a list of the cases is given in 
Table III, with the sex and age of the patient, the age of onset, the dis- 
tribution of the wasting, and whether or not microscopigal examination of 
the muscle was carried out. 

All the cases in the table have been cited in the literature as late cases. 
It will be seen that the stated age of onset in all the cases is over 30 years 
of age. An arbitrary division at this somewhat early age between juvenile 
cases and those of late onset appears justified because roughly the same 
number of cases have been recorded as commencing in the fourth, fifth, and 
sixth decades of life. 

In Sezary, Chenet, and Jumentié’s case the father of the patient was 
affected, and Duchenne’s patient had two children who developed muscular 
dystrophy, but in all the other cases no other members of the family 
suffered from a similar disease. 

Pathological examination of affected muscle was made in seven out of the 
sixteen cases and, as these findings are of importance for comparison with 
the cases reported in this paper, they will be briefly described. 

Joffroy and Achard (7) found, in their case, the usual changes of muscular 
dystrophy, consisting in considerable atrophy of some muscle-fibres with 
hypertrophy of others, and an increase of fat and fibrous tissue between 
the muscle-fibres. 

In the case described by Erb and Munzer at different times, Erb (8) found 
that biopsy examination of the deltoid and triceps muscles showed the 
typical dystrophic changes. Munzer (9), examining the case two years later, 
found on further biopsy examination that in the deltoid muscles the changes 
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were similar to those described by Erb, but in the biceps muscle there was 
present a more advanced stage of atrophy. The fibrous tissue had greatly 
increased in amount in the muscle; it was wavy in parts and contained 


Landouzy and Dejerine (6) 


Jofiroy and Achard (7) 


Erb (8) Obs. 1 
Munzer (9) same case 


Erb (8) Obs. 73 


Erb (8) Obs. 82 


Duchenne. Cited Erb. Obs. 


84 (8) 


Linsmayer (10) 


Redlich (11) 


Hoffman (12) 


Malling (13) 


Erb (14) Case 3 


Sezary, Chenet, and Jumen- 


tié (15) 
Werdt (16) 
Werdt (17) 


Werdt (17) 


Caussaude and Abel (18) 


groups of nuclei which were the remains of muscle-fibres. 


Sex and 
age of 
patient. 


M. 45 yrs. 


F. 59 


M. 


(Munzer) 
M. 59 yrs. 


-. 


M. 


F 
M. 
F 
M 


41 


51 


64 


- 71 


. 69 


. 43 


Age 


of 


onset. 


yrs. 


40 


55 


35 


TABLE III 


Regions mainly affect- 
ed, and presence or 
absence of muscular 

hypertrophy. 


Face, shoulders, and 
arms and legs. No 
hypertrophy 

Arms, trunk, and legs. 
No hypertrophy 
Upper arms, trunk, 
and thighs. Hyper- 
trophy present 


Legs. 
present 
Shoulders and upper 
arms. No _hyper- 
trophy 

Report states juvenile 
form without affec- 
tion of face 

Face, upper arms, 
trunk, and legs. 
Hypertrophy present 
Arms, trunk, and legs. 
Hypertrophy present 
Shoulders and upper 
arms, trunk, and 
thighs. Hypertrophy 
present 

Face, trunk, arm, and 
legs. Hypertrophy 
present 

Shoulders and upper 
arms, neck. Hyper- 
trophy present 
Shoulders and upper 
arms. No _hyper- 
trophy 

Arms, trunk, and legs. 
Hypertrophy present 
Arms, trunk, and legs 


Hypertrophy 


Arms, trunk, and legs 


Shoulders and upper 
arms. No _hyper- 
trophy 


Microscopical 
examination 
of the 
muscles. 


Not done 


Autopsy ex- 
amination 

Biopsy ex- 
amination 


Not done 


Not done 


Not done 


Not done 


Biopsy _ex- 
amination 
Not done 


Autopsy ex- 
amination 


Not done 


Not done 


Autopsy ex- 
amination 
Autopsy ex- 
amination 
Autopsy ex- 
amination 
Not done 


These appeared 


as elliptical, or round structures with an apparent sheath containing a 
brown-coloured material and numerous nuclei, coloured blue with haema- 
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toxylin. These ‘muscle cell tubes’, which in places only contained nuclei 
and the fatty degeneration of the other muscle-fibres, were additional 
features to those described by Erb. 

Redlich found, in his case, atrophy of single muscle-fibres, splitting and 
longitudinal breaking-down of other fibres, with increase of sarcolemmal 
nuclei. There was fat and fibrous tissue increase in the muscle. No hyper- 
trophic fibres were present. 

Malling’s case showed atrophy of some muscle-fibres, hypertrophy of 
others, increase of sarcolemmal nuclei, and increases of fat and fibrous tissue 
in the muscle. 

In Werdt’s three cases the changes characteristic of progressive muscular 
dystrophy were found. There were present, however, to some degree, 
changes not usually described in this condition; especially in his second 
case. In this case the muscle-fibres were fissured, granular, badly coloured, 
and showed hyaline degeneration. The sarcolemmal nuclei were greatly 
increased and, in places, enlarged and irregular, while in other places they 
were often associated with a very cellular and granulation-like tissue 
between the muscle-fibres. Lymphocytic infiltration was occasionally seen. 

In considering these cases it is important to consider the possibility that 
the disease commenced far earlier than the age stated, because slight 
changes may have occurred early without being noticed or considered of 
any importance by the patient. This point may be emphasized by brief 
reference to a case seen through the kindness of Dr. Russel Brain. 

A man aged 60, whose occupation was that of a blacksmith, showed the 
clinical features of Erb’s juvenile form of muscular dystrophy. He was 
certain that his illness only began three years previously, but information 
supplied by his relatives showed that, since the age of 27 years, he had not 
been able to raise his arms above his head as easily, or as fully, as he should 
have done normally. Examination of muscle obtained at biopsy from the 
right deltoid in this case showed well-preserved muscle-fibres, with only the 
early changes of muscular dystrophy. These were local proliferation of 
sarcolemmal nuclei, slight increase in size of the muscle-fibres, and slight 
increase in interstitial tissue between the muscle-bundles. 

In spite of this possibility the above cases establish the occurrence of late 
progressive muscular dystrophy in elderly patients. A case which corre- 
sponds exactly to these was seen through the kindness of Dr. Critchley, 
and its clinical and pathological description, which is given here, will 
serve as an example of these cases. 

A. F., female, aged 51, was a patient of Dr. Critchley in King’s Col- 
lege Hospital in April, 1935. There was no family history of nervous or 
muscular disease. The patient contracted syphilis from her first husband 
when she was 30 years of age. She had antisyphilitic treatment for three 
years at King’s College Hospital and then she ceased to attend. The 
Wassermann reaction was positive in the blood when done in February, 1935. 
The cerebrospinal fluid was examined when the patient was in hospital. It 
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was normal in all respects and the Wassermann reaction in it was 
negative. 

The patient stated that she was quite well up to four and a half years 
before admission to hospital, when, at the age of 46, she began to com- 
plain of weakness of her arms in that she could not wring out clothes so 
easily as formerly. This weakness got worse, and, after six months, she 
complained of difficulty in raising her arms up to her head, and in brushing 
her hair. Also, when working with her hands, she liked to rest her elbows 
on the table. A year after the onset of weakness in her arms she noticed 
that her legs were somewhat weak, and she began to use a stick for support. 
The legs were difficult to move along, and the left leg was worse than the 
right. This weakness in her arms and legs had gradually got worse. For 
eighteen months she had complained of weakness of her hands and inability 
to raise her arms above her head. While in hospital she could still walk, 
but with some difficulty, and could sit up from the recumbent position. 

Examination of the nervous system showed definite weakness of eye 
closure on both sides. The neck muscles werestrong. In the arms muscular 
wasting was obscured by adipose tissue: but there appeared some general 
wasting of the muscles, greater proximally, with the exception of the deltoid 
muscles. There was slight wasting of the small muscles of the hands. The 
limbs were flaccid. The muscular power in the small muscles of the hand, 
on both sides, was slightly diminished. There was considerable weakness of 
the closure of the hand, and also of extension of the fingers. Extension of 
the wrists was very weak, but flexion was quite strong. Flexion and exten- 
sion of the elbows were very weak, and extension was weaker on the left side 
than on the right. The deltoid muscles were moderately weak, but they 
stood out rather prominently on contraction, and appeared hypertrophic. 
The action of the pectoralis major, subscapularis, serratus magnus, and 
latissimus dorsi muscles was very weak on both sides, while the trapezius, 
rhomboids, and spinati muscles showed fair muscular power. 

The patient was just able to sit up unaided. In the legs the calf 
muscles were very bulky, and wasting in the other muscles was obscured by 
adipose tissue. There was severe weakness of dorsiflexion and moderate 
weakness of plantar flexion of the feet and toes. Considerable weakness of 
flexion and extension was present at the knees and hips, and was greater at 
the hips. Abduction and adduction at the hips were also somewhat reduced. 
The weakness was much greater in the proximal muscles of the limbs, with 
the exception of the dorsiflexors of the wrist and fingers, and of the ankle 
and toes. There was no fibrillation. The deep reflexes were absent in the 
arms and legs. There was no sensory loss. 

A biopsy was performed on the left triceps muscle. The muscle was very 
pale, and microscopical examination showed that it was, for the most part, 
replaced by fat and fibrous tissue. In this fat and fibrous tissue scattered 
muscle-fibres were occasionally seen. Some of these were much larger than 
normal, and obviously hypertrophied, and contained central nuclei. Others 
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were smaller than normal and atrophied. The transverse and longitudinal 
striation was visible in all the fibres. Numerous focal collections of small, 
round cells were present in the fibrous tissue, especially adjacent to vessels. 
These collections of cells have been described in muscular dystrophy, but 
their significance is not clear. The changes found were characteristic of 
advanced muscular dystrophy (Plate 5, Fig. 8). 

Continuing the review of the literature, one finds that a special significance 
has been attached to the remaining six cases. 

In 1912 Cottin and Naville (19) described a distal form of late myopathy, 
basing their observations on three cases, one of their own, a case described 
by Oppenheim and Cassirer (20), and one by Dejerine and Thomas (21). 

Cottin and Naville’s case was a woman, aged 47, who nineteen years 
previously began to complain of some weakness of her hands and feet. It 
was only, however, for five years that she had complained of difficulty in 
walking and in moving her hands, which had become weak and wasted. In 
the arms the weakness and wasting affected the e tensors of the fingers, the 
extensors carpi radialis longus and brevis, and the deltoid muscles on both 
sides ; the interossei and hypothenar muscles and flexors of the fingers were 
affected on the right side only. In the legs there was wasting and complete 
loss of power in the anterior tibial muscles and the extensors of the toes, and 
weakness and wasting of the quadriceps and adductors of the thigh. The 
calf muscles and the peroneal muscles were hypertrophied. The remaining 
muscles in the arms and legs were unaffected, but the shoulder girdle muscles 
were very thin. She had difficulty in sitting up from the supine position, 
and in raising herself from a chair. The biceps, supinator, knee and ankle 
jerks were absent. There was congenital atrophy of both sternomastoid 
muscles. Microscopical examination of affected muscle was not made. 

Oppenheim and Cassirer’s case was a man, aged 49, who had been 
affected for nine years. The onset was with pains and muscular weakness 
in the arms and legs. Examination two years from the onset showed 
a bilateral paralysis of the extensors of the feet and toes, and also of the 
peronei. The reaction of degeneration was present in the anterior tibial 
muscles and the peronei. In the right arm closure of the hand and abduc- 
tion of the arm were weak, and in the left there was weakness of the 
extensors of the wrist and fingers, and abductors of the thumb. There was 
no muscular atrophy. There was some weakness of the closure of the eyes. 
Five years from the onset weakness of the triceps of both arms was present. 
Six years from the onset there was marked weakness of the eyes. The long 
supinators, extensors of the forearm, the first two interossei, and the thenar 
muscles showed muscular atrophy. Flexion of the forearm, extension of the 
hand, and closure of the hand were weak. The deep reflexes were absent in 
the arms and diminished in the legs. Before death, which took place nine 
years from the onset, there was weakness of the plantar flexors of the feet 
and toes. Microscopical examination was made of the soleus, tibialis anticus, 
orbicularis oculi, and Oppenheim and Cassirer stated that the changes 
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were not absolutely characteristic of a primary myopathic process. Atrophy 
of the fibres predominated. There was rarely hypertrophy. Some fibres 
showed loss of transverse striation, vacuolation, fissuring, or corkscrew 
appearance. In some atrophied fibres the shrunken sarcolemmal sheath 
showed many nuclei and small remnants of sarcoplasm. Fatty degeneration 
of the actual muscle fibres was sometimes seen, and there was an increase of 
interstitial tissue and fat. Nodefinite changes were found in the central or 
peripheral nervous system. Oppenheim concluded from this case that the 
clinical picture of peroneal atrophy can be caused by a process similar to 
progressive muscular dystrophy. 

Dejerine and Thomas’s case was a woman aged 80, with onset at 49 
years. In this case weakness of extensors of the fingers of the hands was 
the first symptom. Later, weakness of flexors was present. She was lost 
sight of; and examination, twenty-seven years from the onset, showed great 
weakness and wasting of the small muscles of the hand and forearms. The 
supinator longus was atrophied on the left, but not on the right side. 
There was also some atrophy of the arm and shoulder muscles, greater on 
the left side. All reflexes of the upper limbs were abolished, and there was 
some fibrillation in the muscles. Before death, thirty-one years from the 
onset, there was great increase in general wasting of the arm muscles on both 
sides, but the legs were unaffected, apart from the abolition of the ankle 
jerks and diminution of the knee jerks. Microscopical examination of the 
muscles showed very great atrophy of the fibres with increase of the sarco- 
lemmal nuclei in the atrophied fibres. Apart from some loss of striation, 
and irregularity of fibres, and occasional fatty degeneration of the fibres, 
there were no other changes. As the central and peripheral nervous 
systems were normal Dejerine and Thomas concluded that the case was 
one of myopathy, resembling the muscular atrophy of the type of Aran 
Duchenne. 

In 1923 Naville, Christin, and Frommel (22), in a later paper on the 
distal form of late myopathy, described three further cases. The first case 
(Obs. 1) was a woman aged 51, who at the age of 46 began to complain 
of difficulty in sewing and knitting and closing the hand. The extensors 
of the wrist and fingers, and abductors of the thumb, and, to a less extent, 
the interossei muscles in the arms, and the peronei and the anterior tibials 
were the most enfeebled. There was also present weakness of face, sacro- 
lumbar and abdominal muscles, and hypertrophy of the deltoid, calf, and 
gluteal muscles. 

In the second case (Obs. 3), a woman aged 49, the weakness commenced 
at 44 years of age in the muscles of the pharynx, and spread to the neck, 
shoulders, and arms; speech and swallowing were difficult and the tongue 
was wasted. The facial muscles were affected. There was wasting of 
shoulder girdle and thorax muscles, with greater weakness of the extensors 
of the fingers and right wrist. 

The third case (Obs. 4) was a woman aged 50, who for seven years had 
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had great wasting and weakness of the arms, especially affecting the scapu- 
lar muscles, and the extensors of the fingers. In none of these cases was 
microscopical examination of the affected muscles made. 

These authors consider that these six cases which they have collected. 
form a special distal group of late myopathy. This opinion appears, how- 
ever, open to some discussion. In the first place, in only two out of the six 
cases was the pathology studied. In both of these cases the changes in the 
muscles were not quite characteristic of muscular dystrophy, but the nervous 
system showed no definite change, so that muscular dystrophy seemed the 
only possible diagnosis. Even if this be so in Oppenheim and Cassirer’s 
case, the facial and shoulder muscles were affected as early as the distal 
muscles; and in Dejerine and Thomas’s case, though the affection may have 
commenced distally, the final picture was advanced wasting and weakness 
of the shoulder girdles, and both arms, with no affection of thelegs. Of the 
other four cases, in which no microscopical report was present, Cottin and 
Naville’s case, at the first examination, showed affection of the deltoid 
muscles in the arms and the quadriceps and adductor muscles in the thighs ; 
and in the first case in Naville, Christin, and Frommel’s paper there was 
also present weakness of the face, sacrolumbar, and abdominal muscles, and 
hypertrophy of the deltoid and gluteal muscles. Also in the other two cases 
of Naville, Christin, and Frommel’s paper the differential diagnosis of pro- 
gressive muscular atrophy would seem to require much consideration. Even 
if the diagnosis were certain in all six cases, they do not correspond suffi- 
ciently clinically, nor is the affection of the muscles so predominantly distal 
in all the cases to justify their separation from the main group of late mus- 
cular dystrophy, which corresponds to the Erb juvenile form. It will have 
been noted, in the personal case of late Erb type, described in this paper, 
that all the distal muscles mentioned in these cases were affected, and the 
extensors of the wrist and finger and of the ankle, severely so. So, at most, 
these cases of distal type may be regarded as irregular cases of Erb type, in 
which some distal muscles have been early affected. 

The cases which have been reviewed so far are sporadic cases ; and in only 
two was there another member of the same family affected. Stanley 
Barnes (23) has described a large myopathic family, in which a large 
nuraber of the cases did not manifest any clinical symptoms of the disease 
until between the ages of 35 and 50 years. Villacian (24) has described 
another myopathic family, in which nine members were affected. The 
disease commenced in these cases between the ages of 40 and 45 years, 
with one exception, in which the onset was at 52 years. Details of the cases 
in these families, which do not correspond to any clinical group, are outside 
the scope of this paper, but the results of microscopical examination of 
affected muscle in one case, in Barnes’s family, may be noted. 

This showed severe degeneration of the muscle fibres in that they had 
become granular and homogeneous, or swollen and disintegrated, and with 
these changes there was much proliferation of sarcolemmal nuclei. Some 
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fibres were attenuated and, in places, shrunken into the sarcolemmal sheath 
till they were no longer recognizable amongst the proliferated sarcolemmal 
nuclei. There was some new formation of fibrous tissue between the muscle- 
fibres, and also deposition of fat. There was no evidence of phagocytosis, 
and no small-celled infiltration. 


General Discussion 


It will have been seen that the cases of late progressive muscular dys- 
trophy collected from the literature in which pathological examination 
was made show, for the most part, only the usual changes recognized as 
characteristic of the pathology of this condition. 

These changes are hypertrophy of some fibres, with atrophy of others, 
proliferation of sarcolemmal nuclei, increase of fibrous tissue and fat, and 
occasionally small-celled infiltration round the small vessels. The degenera- 
tion of the fibres is shown only by gradual atrophy and proliferation of 
sarcolemmal nuclei inside the sarcolemmal sheath. Alterations in trans- 
verse or longitudinal striation sometimes occur. Swellings may occur on 
the fibre, and hyaline or granular degeneration may take place; but these 
changes are the exception rather than the rule. 

It will be recollected that the main changes in the cases now described 
are strikingly different in that the degeneration of the muscle-fibre has 
taken place, not by gradual atrophy of the fibre, but by an intense de- 
generation in which the muscle-fibres have broken down, the sarcolemmal 
sheaths have disappeared, and the debris of the degenerating muscle and 
proliferated sarcolemmal nuclei have called forth an apparent phagocytic 
reaction. It cannot be said that this type of degeneration is present in any 
of the late cases which have been found in the literature. The present 
cases also differed slightly clinically from the main group of late cases of 
Erb type, in the absence of any hypertrophy of the muscles, and the 
absence of affection of the facial muscles. In the late case of Erb’s juvenile 
type, described in this paper, affection of the facial muscles and hypertrophy 
of the deltoid and calf muscles were present, and the pathology was very 
typical of the usual descriptions of late progressive muscular dystrophy. 
The distinction between this case and the two under discussion on clinical 
and pathological grounds is clear. It would appear, therefore, that the 
separation of the two cases of this paper from the main group of late pro- 
gressive dystrophy seems warranted by the present knowledge of the subject. 
This is not a final statement on the question, because it is impossible to say 
how far the changes found at biopsy are characteristic of the general 
muscular affection; and detailed pathological study of the cases in this 
paper, or similar cases, might show a pathological correspondence between 
these cases and other cases of late progressive muscular dystrophy. At any 
rate it seems clear that in progressive muscular dystrophy further study is 
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required of the method of degeneration of the muscle-fibres, especially in 
cases of late onset. 

With regard to clinical groups of late sporadic cases of muscular dys- 
trophy, late cases of Erb’s type stand out clear and distinct as the only 
justifiable group of this condition. The two cases, described in this paper, 
show distinctive pathological changes and must be considered separately for 
the present, but further pathological study of these cases, and the occur- 
rence and study of similar cases, is necessary before they can be definitely 
considered as a special type of late muscular dystrophy. 

In this connexion, however, reference must be made to two cases described 
by Bramwell (25) as ‘symmetrical atrophic paresis of the quadriceps muscles 
of probable myopathic origin’. These cases occurred in elderly patients 
and showed weakness and wasting confined to the quadriceps muscles of 
both lower limbs and it is possible that the clinical and pathological study 
of similar cases may establish them as belonging to a distinct clinical group 
of late progressive muscular dystrophy. 


Summary 


Two cases of muscular degeneration occurring in late adult life have 
been described, with the results of pathological and biochemical examination 
of affected muscle obtained at biopsy. They have been regarded as late 
cases of progressive muscular dystrophy, but distinct pathologically from 


the other late cases of this condition recorded in the literature. 


I wish to acknowledge my indebtedness to Dr. Greenfield and Dr. 
Critchley for their advice and help in the study of these cases. The patho- 
logical aspect of this study was carried out in the Pathological Department, 
National Hospital, Queen Square. I also wish to thank Mr. Pennybacker 
for performing the biopsies. The work has been done under the tenure of 
a Research Fellowship of the Halley Stewart Trust. 
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DESCRIPTION OF PLATES 


Puate 4. Fic. 1, Case 1. Transverse section of the left triceps muscle x 100. The 
distribution of the foci of degeneration throughout the muscle are seen. Iron haema- 
toxylin and van Gieson. 


Fia. 2, Case 1. Longitudinal section of the same x 80. The relation of the surround- 
ing muscle-fibres to the focus of degeneration is seen. The hyaline remains of a muscle- 
fibre is seen towards one end of the focus. Iron haematoxylin and van Gieson. 


Fia. 3, Case 1. Longitudinal section of the same x 150. The two types of nuclei of 
the focus, viz. the small darkly staining nuclei and the paler sarcolemmal nuclei, are 
seen. Proliferation of sarcolemmal nuclei are seen in a well-preserved muscle-fibre as 
indicated by the arrow. Iron haematoxylin and van Gieson. 


Fic. 4, Case 1. Longitudinal section of the same x 350. A false giant cell is seen in 
the centre of the focus surrounded by small dark nuclei of phagocytic cells. Iron 
haematoxylin and van Gieson. 


Plate 5. Fia.5,Case2. Oblique section of the left deltoid muscle x 285. In the centre 
a degenerating muscle-fibre is seen with swollen sarcolemmal nuclei and surrounded by 
tissue consisting of broken-down sarcoplasm, sarcolemmal nuclei, and small dark cells. 
Iron haematoxylin and eosin. 


Fic. 6, Case 2. Longitudinal section of the same x 140. A very degenerated muscle- 
fibre is being encroached upon by small dark cells. Towards one end it contains 
swollen sarcolemmal nuclei similar to those in Fig. 5. Iron haematoxylin and eosin. 


Fic. 7. Longitudinal section of rhomboid muscle from a case of Erb’s juvenile 
muscular dystrophy x 150. Hyaline degeneration and breaking up of a muscle-fibre is 
seen. There is proliferation of sarcolemmal nuclei and the collection of a few small 
dark cells. Iron haematoxylin and van Gieson. 


Fie. 8. Longitudinal section of left triceps muscle from Dr. Critchley’s case of late 
Erb type x100. The usual changes of progressive muscular dystrophy are seen, 
There is enlargement of the fibres and increase of fat and fibrous tissue between the 
fibres. Iron haematoxylin and van Gieson. 
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ACHRESTIC ANAEMIA? 
By M. C. G. ISRAELS anp JOHN F. WILKINSON 


(From the Department of Clinical Investigation and Research, Manchester 
University and Royal Infirmary) 


With Plate 6 


At the present time several distinct varieties of megalocytic anaemia are 
recognized. Their definition has been greatly facilitated by the knowledge 
of haemopoiesis in general that has been gained from the study of the 
aetiology of pernicious anaemia. 

Pernicious anaemia is now regarded as being due to the failure of matura- 
tion of the precursors of the erythrocytes due to the absence of a specific 
anti-anaemic factor. The mechanism of erythrocyte formation is supposed 
to be arrested at the megaloblast stage, the haemopoietic tissues becoming 
packed with a futile overgrowth of these megaloblasts. Administration of 
the specific anti-anaemic factor enables normal maturation to proceed and 
causes the haemopoietic tissues to resume their normal structure. 

An anti-anaemic factor was first shown by Minot and Murphy (21) from 
clinical tests to be present in liver and to a much less extent in kidneys; it 
has also been demonstrated in other tissues such as brain (Ungley, 24). 
The investigations of Castle and his colleagues (3, 4, 5), and of Wilkinson 
and co-workers (vide infra) in particular, have shown that the normal pro- 
duction of this specific factor occurs in the stomach by the action of an 
enzyme—haemopoietin—on an extrinsic factor present in or associated with 
protein foods. 

The product of this reaction is stored in the liver and other tissues. 
In pernicious anaemia the absence of the specific factor from the liver has 
been shown to be dependent on the deficiency of haemopoietin in the 
gastric secretion, this itself being part of that achylia gastrica which is 
recognized as an essential criterion for the diagnosis of this disease. 

In addition to megalocytic anaemia and achylia gastrica, particular 
features that make up the syndrome of pernicious anaemia are the charac- 
teristic response to the administration of specific anti-anaemic substances 
(i.e. a reticulocyte ‘ peak’ followed by a rise in the red cells and haemo- 
globin), the maintenance, in the absence of complications, of a normal 
blood picture so long as adequate quantities of anti-anaemic materials are 

1 Received September 19, 1935. 
[Q.J.M. New Series No. 17] 
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given, and lastly, the frequent involvement of the central nervous system 
and peripheral nerves. 

Now the megalocytic anaemias that have so far been distinguished are 
characterized by some interference with the proper supply of the specific 
anti-anaemic factor, but using the criteria given above they have been 
separated from pernicious anaemia. In tropical megalocytic anaemia 
(Wills, 37) dietary deficiency is an important aetiological factor. ‘ Perni- 
cious anaemia of pregnancy’ is thought to be caused by a temporary 
deficiency of the antipernicious anaemia factor (Wilkinson, 31; Vaughan, 
26). The megalocytic anaemias seen in tropical sprue (Fairley and Kilner, 9), 
pellagra (Krjukoff, 17), idiopathic steatorrhoea (Bennett, Hunter, and 
Vaughan, 1) and in patients with chronic intestinal disturbances (see Wilkin- 
son, 34) are attributed to lack of absorption of the anti-anaemic factor. Some 
cases of Dibothriocephalus latus (Birkeland, 2) and Ankylostoma duodenale 
infection (see Wilkinson, 34) show a megalocytic anaemia which is thought to 
be due to interference with the production of haemopoietin in the stomach 
(perhaps as the result of toxic action). After gastric operations similar 
anaemias occasionally occur, possibly from the same cause (Wilkinson, 34). 

Nevertheless, when these conditions have been excluded there remains a 
group of cases of megalocytic anaemia which does not fit into any of these 
categories. In this communication it is proposed to describe a group of 
cases closely resembling pernicious anaemia, but differing from it in essential 
particulars, especially in course, prognosis, and treatment. 

As will be shown later, there is reason to believe that the anaemia may 
be due to lack of utilization or possibly mobilization from the tissue stores, 
such as the liver, of the anti-anaemic principle responsible for the matura- 
tion of the megaloblast. For this reason this group has been designated 
Achrestic 2 Anaemia, from xpijofa. = to utilize (Wilkinson and Israéls, 35). 

The disease is chiefly characterized by a megalocytic anaemia, the presence 
of free HCl in the gastric juice, failure to respond properly to anti-anaemic 
therapy, megaloblastic hyperplasia of the bone-marrow, and a prolonged 
course leading ultimately to a fatal termination. 

In this paper it is proposed to give a full description of four very typical 
cases of this condition, and in three of these the supporting post-mortem 
evidence is available. Three of the cases, together with certain others, have 
been partly described in a previous paper (Wilkinson and Israéls, 35), and 
a few other cases where the clinical picture is suggestive of achrestic 
anaemia have been seen, but a sufficiently long period of observation has 
not yet elapsed for a reasonably certain diagnosis to be made. 

The fact that there is such a close resemblance between these cases, and 
that patients with the signs and symptoms described continue to come 
under observation, suggests strongly that the disease is a definite and 
distinct clinical entity. 

2 This spelling is to be preferred to that suggested in our original publication and 
will be employed in future. 
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ACHRESTIC ANAEMIA 


Previous Literature 


Search for descriptions of cases in previous literature has been directed 
to reports of anomalou: cases of pernicious anaemia and cases of ‘ unusual 
anaemias’. A carefu survey, however, has shown that the majority of 
them must be disreg’ ded, either because their usefulness is vitiated by in- 
sufficient data or “ ecause of what now appear to have been mistaken 
diagnoses. 

Cases of pernicious anaemia are usually described as anomalous for two 
reasons: (1) failure of response to liver or other specific therapy ; (2) pre- 
sence of unusual features, in particular the presence of free hydrochloric 
acid in the gastric secretion. 

With regard to the former, it was not long after the appearance of Minot 
and Murplay’s original paper in 1926 (21) that cases described as ‘ Failure 
of Live: Therapy in Pernicious Anaemia’ began to appear. Many of these 
reports were probably due to failure clearly to understand the exact details 
of the liver treatment, while the importance of care in the preparation of 
the material, and the necessity for adequate dosage, were not appreciated. 
The experience that has been gained in treating pernicious anaemia has 
shown that the value of oral treatment may be severely impaired by gastro- 
intestinal disturbances and consequent lack of absorption. Vaughan (26) 
has pointed out that, as a result of this, response to liver treatment is only 
of value as a diagnostic test when the material is given parenterally. 

Parenteral liver extracts did not come into general use until 1931, and 
since that time the number of reported resistant cases has fallen very 
greatly. Those that have been described were in most cases due either to 
the use of insufficient dosage or of inactive extracts (Wilkinson, 29, 32) or to 
the fact that, although the anaemia was megalocytic, they were not true 
cases of pernicious anaemia. 

The presence of free hydrochloric acid in the gastric juice of cases said to 
be pernicious anaemia has always raised doubts as to the correctness of the 
diagnosis. In 1923 Hurst (12) expressed the opinion that without achylia 
gastrica, pernicious anaemia should not be diagnosed, and recently Meulen- 
gracht (20) has stated categorically that if there is no gastric achylia the 
patient is not suffering from pernicious anaemia. Vaughan (26) records 
that she has seen two cases of pernicious anaemia with free acid in the 
gastric juice and that one ‘ was confirmed at autopsy’. It is a fair criticism 
that the appearances of pernicious anaemia seen at autopsy are common to 
many other severe anaemias. 

Wilkinson (30) reviewed the literature on this question and described 
eight cases of his own in which a megalocytic anaemia was associated with 
free hydrochloric acid in the gastric juice. Two of these (Cases Nos. 1 and 2) 
were examples of ‘ pernicious anaemia of pregnancy ’, and it is now recognized 
that free acid is often present in the gastric juice of such patients (Wilkin- 
son, 31). It has been possible to review these cases since they were 
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originally reported in the light of two or three years’ progress; two (Cases 
Nos. 7 and 8) are now known definitely not to have been cases of pernicious 
anaemia and one is, indeed, included in the cases reported in this series of 
achrestic anaemia (Case No. 1); Cases Nos. 5 and % of the previous paper 
might probably to-day receive adiagnosis other than p. ‘niciousanaemia. The 
remaining two cases of the previous paper, appear to ha "2 been true examples 
of pernicious anaemia ; the patient, No. 3, relapsed whe. he took an inactive 
stomach preparation and promptly recovered when a preparation of known 
activity was given; Case No. 4 developed frank pernicious anaemia later, 
and with proper treatment still maintains a normal condition. 

Out of the large number of cases (over 700) of pernicious anaemia seen at 
the Manchester clinic in the last few years, the two cases mentioned above 
and one other, are the only cases where free acid was founcl on gastric 
analysis that have stood the test of time. It may reasonably be stated 
that for all practical purposes the finding of free hydrochloric acid in the 
gastric juice must lead to the exclusion of pernicious anaemia fron? the 
diagnosis. 

The conclusion to be drawn from these observations is that before cases 
with anomalous features are designated pernicious anaemia they must be 
carefully watched for a long period—certainly months, if not years. 

The considerations discussed above have introduced peculiar difficulties 
into the always hazardous procedure of retrospective diagnosis. Neverthe- 
less certain cases described in the literature are of sufficient interest for 
further review. 

Holmes (11) described three cases of failure to respond to liver therapy. 
Of these, two are of interest. Case No. 2 was a man, aged 51, with twelve 
months’ history of progressive weakness. The blood count was: red cells, 
1,150,000 ; colour index, 1-20; white cells, 2,400. He was given 8 oz. of 
liver daily by mouth, but without the occurrence of a remission. The 
autopsy showed a megaloblastic hyperplasia of the bone-marrow as seen in 
pernicious anaemia, and marked haemosiderosis of liver, spleen, and kidneys. 
Case No. 3 was very similar. 

Unfortunately no details of gastric analysis are given, and, of course, no 
parenteral liver was available. It is, therefore, difficult to be sure of the 
nature of these cases. 

Kennedy (14) fully described a case of hyperchromic anaemia in a man, 
aged 52, where free HCl was found on gastric analysis. The blood count 
was: red cells, 1,030,000; haemoglobin, 28 per cent.; colour index, 1-40; 
white cells, 2,000; occasional megaloblasts, reticulocytes scanty. Neither 
liver by mouth nor desiccated stomach (ventriculin) had any effect, so 
blood transfusions were given. A laparotomy revealed a normal alimentary 
tract. After three and a half months’ ventriculin treatment the blood count 
was: red cells, 1,420,000; haemoglobin, 34 per cent.; colour index, 1-10; 
white cells, 3,600: no nucleated red cells or reticulocytes were seen. 
Multiple vitamin therapy was tried and the patient steadily recovered ; 
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after two months the blood count had improved to: red cells, 3,500,000 ; 
haemoglobin, 73 per cent.; colour index, 1-05. However, during the next 
six weeks, in spite of the vitamin therapy, his condition declined rapidly, 
the blood count falling to: red cells, 1,150,000; haemoglobin, 27 per cent. ; 
colour index, 1-10; and reticulocytes, 0-8 per cent. No treatment was of 
avail, and he developed broncho-pneumonia with fatal results. The post- 
mortem examination showed hyperplasia of the bone-marrow and well- 
marked haemosiderosis in the liver, spleen, and kidneys. 

In view of the relapse, Kennedy did not think that the prior improve- 
ment could be attributed to the vitamin therapy. He ventured no sugges- 
tion as to the aetiology. It will be seen that the case closely resembles 
those to be described here, and in spite of the fact that parenteral liver was 
not given, may be claimed as very probably a case of achrestic anaemia. 

Davidson (7) described a miscellaneous group of nine cases under the title 
of ‘Macrocytic Haemolytic Anaemia’. Three of these were attributed to 
Hodgkin’s disease, three were thought to be examples of acquired acholuric 
jaundice, one was a case of lead poisoning, and in two the aetiology re- 
mained doubtful. One of these unknown cases and one of those designated 
acquired acholuric jaundice showed features resembling achrestic anaemia. 
Both had a megalocytic anaemia with free HCl in the gastric juice, both 
showed resistance to anti-anaemic therapy, and both were subject to remis- 
sions and relapses. Post-mortem details are not available. 

De Crespigny (6) in reporting some cases of rare anaemias described one 
of ‘aplastic anaemia’. This was a man, aged 60, who had a six months’ 
history of dyspnoea and palpitation without any gastro-intestinal dis- 
turbances. Examination revealed no unusual features apart from the 
anaemia. The blood count was: red cells, 905,000; haemoglobin, 23 per 
cent.; colour index, 1:37; white cells, 3,210 with a normal differential 
count ; reticulocytes were 11 to 17 per cent. The van den Bergh reaction 
was ‘indirect positive’. Fractional gastric analysis revealed the presence 
of free acid in normal quantities. Transfusions were given together with 
desiccated stomach, and his condition greatly improved for a time. A 
relapse soon occurred, parenteral liver was without effect and, in spite of 
transfusions, he eventually died. No post-mortem examination was per- 
formed. 

This case, again, had many features resembling achrestic anaemia ; 
‘aplastic anaemia’ was certainly a misnomer, as the reticulocytes were as 
high as 17 per cent. 

Thompson, Richter, and Edsall (23) described a group of twelve cases 
collected from the hospital records. All of these had been diagnosed as 
aplastic anaemia, but only three showed hypoplasia of the bone-marrow ; in 
six over-activity was found. One of their cases (No. 2) showed a severe 
anaemia which was resistant to anti-anaemic treatment, and post mortem 
showed hyperplasia of the bone-marrow. The details available, however, 
are not sufficient for firm diagnosis to be made. 
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Thus it is very probable that the stages in the normal elaboration and 
storage of this material which is essential for the normal formation of red 
cells are: (a) the interaction in the stomach between haemopoietin and ex- 
trinsic factor; (b) the absorption of the resultant substance from the alimen- 
tary tract and its passage to the liver ; (c) its storage in the liver (and else- 
where in the tissues). 

In the cases of achrestic anaemia recorded here there was apparently no 
disturbance of gastric function and there were adequate stores of the anti- 
anaemic principle in the liver. Nevertheless the megaloblastic hyperplasia 
typical of deficient maturation had occurred, and it may be inferred that, 
though present, the anti-anaemic principle was unavailable for haemo- 
poiesis: some interference with its proper interaction with the megaloblast 
had occurred. 

It is therefore suggested that in achrestic anaemia the haemopoietic 
tissues are unable properly to utilize the antipernicious anaemia principle 
that is present in the storage depots of the body. Whether this occurs as 
the result of a failure to mobilize the anti-anaemic factor from the tissues in 
which it is stored, or whether it is due to the deficiency of still another 
factor at present undiscovered, or whether utilization of the anti-anaemic 
principle is prevented by the presence of some inhibiting agent, is at present 
not determined. 

Pathology. All the tissues show the results of anaemia; fatty changes 
occur in the liver and the cardiac muscle. Haemosiderosis is found in the 
liver, spleen, and kidneys and other tissues. 

The bone-marrow (femur) is dark red and very hyperplastic : microscopical 
examination shows a varying, but always considerable, degree of proliferation 
of the haemopoietic cells. Clumps of megaloblasts are numerous and pro- 
minent, but more mature cells such as erythroblasts and normoblasts are 
scanty. The leucopoietic tissues in some cases have been quite normal, but 
in others (e.g. Case No. 2 of this series) relatively hypoplastic, corresponding 
to a persistent neutropenia observed during life. 

The spleen shows no specific change in structure; the Malpighian bodies 
remain prominent, the pulp is usually somewhat more cellular than usual, 
fibrosis is evident to a slight degree. Many red cells and their debris are to 
be found. 

In the liver, apart from the changes mentioned above, there are no par- 
ticular lesions, although a certain degree of central atrophy of the lobules 
has been observed in some of the cases (e.g. Cases Nos. 1 and 3 of this 
series). 

Symptoms. Dyspnoea, palpitation, undue fatigue, and similar symptoms 
referable to the anaemia are severe in the majority of patients. Pallor is 
always seen, and the skin often presents a brownish or brownish-yellow tinge, 
but not the lemon-yellow colour so characteristic of some cases of pernicious 
anaemia. Digestive disorders are usually absent, and the bowels as a rule 
regular. 
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The teeth and upper digestive tract show no particular involvement ; 
glossitis is not seen. Loss of weight is usually not prominent. Involvement 
of the central nervous system is notably absent. 

In the abdomen, although enlargement of the liver (two cases) and spleen 
(one case) do occur, they are not usual. 

The heart may be enlarged as a result of the anaemia, and haemic 
murmurs are common. The lungs, as a rule, are unaffected, as is the urine. 

Fractional gastric analysis shows the presence of free hydrochloric acid in 
amounts varying from hypochlorhydria to hyperchlorhydria: large amounts 
of acid are secreted under the influence of histamine. 

Blood findings. A megalocytic anaemia is present in every case. The 
anaemia when first seen is usually severe (the red-blood cells being less than 
two millions perc.mm.). The haemoglobin is also reduced, but not to the 
same extent, so that the colour index is greater than unity. Anisocytosis 
and poikilocytosis vary according to the severity of the anaemia. 

Polychromasia is usual, and occasionally punctate basophilia occurs. 
Nucleated red cells may appear in moderate numbers. Reticulocytes, ex- 
cept after intensive parenteral liver therapy, are low (1-4 to 3-6 per cent. in 
this series). 

In the cases reported here the mean diameter of the red cells varied from 
7-8 to 8-46 microns, megalocytosis from 18-0 to 28-2 per cent., and the 
coefficient of variability (from the Price-Jones curve) from 10-0 to 17-7 
per cent. 

The granular white cells are, as a rule, present in normal numbers and 
proportions, though temporary or more persistent granulopenia has been 
observed in some cases. 

The fragility of the red cells is normal. 

The Wassermann reaction is negative. The van den Bergh reaction 
varies: it is usually negative, but occasionally indirect or even delayed 
direct (e.g. Case 2) responses have been seen. 


Differential Diagnosis 


A number of well-defined conditions where megalocytic anaemias occur 
have already been mentioned. These present definite characteristics which 
should obviate any difficulty in diagnosis. There are, however, some con- 
ditions which require further discussion. 

Pernicious anaemia. This is readily distinguished from achrestic anaemia 
by (i) the presence in the latter of free hydrochloric acid in the gastric 
juice ; (ii) the failure of, or poor response to, specific anti-anaemic treatment 
with an active parenteral liver preparation. 

The characteristic spontaneous remissions of pernicious anaemia are not 
seen. 

Acholuric jaundice. The familial form with enlarged spleen, jaundice, 
increased fragility of the red cells and, in some cases, high reticulocytosis, 
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presents no difficulties. The anaemia in severe cases is occasionally megalo- 
cytic, and free HCl may be present in the gastric juice, but the other 
diagnostic features of acholuric jaundice mentioned above are always to be 
found. 

The acquired type as described is a vague condition in which any of the 
distinctive features of the familial type may be absent or, at least, not 
prominent. A febrile colic resembling attacks of biliary colic is said to 
occur. Grave doubts as to the existence of this type have been expressed 
by Dawson (8) and by Vaughan (26). The latter regards all cases as being 
due to an inborn abnormality of the erythrocyte which may at any time 
during life, either chronically or acutely, lead to the syndrome of acholuric 
jaundice. Vaughan points out that complete examination of the families, 
including such degrees of relationship as uncle and aunt, must be carried 
out before a case can be described as non-familial, and she thinks that in- 
adequate methods of estimating red-cell fragility are responsible for most of 
the cases where this sign was said to be absent. Vaughan’s view certainly 
fits the clinical facts far better than does the conception of a separate 
acquired type. 

Chronic haemolytic anaemia. This, again, is a very vague group. Witts (40) 
has described them as of fairly constant type, though differing in individual 
pathology and aetiology. They sometimes present a megalocytic anaemia 
and are distinguished by ‘ persistent high reticulocytosis and crises of blood 
destruction in which free haemoglobin may appear in the plasma and urine’. 


These two points differentiate them at once from achrestic anaemia, as also 
does the fact that transfusion is often harmful. 


Acute haemolytic anaemia of Lederer. This anaemia was first described by 
Lederer in 1925 (18) and is easily differentiated from achrestic anaemia by 
signs of acute haemolysis, persistent high reticulocytosis, pyrexia, occasional 
purpuric eruptions, and by the presence of a leucocytosis with large numbers 
of immature white cells and the occurrence of many nucleated red cells. 

Aplastic anaemia. It is becoming realized that true aplastic anaemia is 
very rare, and that many cases described as aplastic anaemia are in reality 
quite different. The clinical features at onset may closely resemble achrestic 
anaemia, but there is very little evidence of blood-regeneration, i.e. reticulo- 
cytes and nucleated red cells are usually absent, and the anaemia is normo- 
cytic in type (Whitby and Britton, 28). The course of aplastic anaemia is 
considerably more rapid—Whitby and Britton (28) give four months as the 
average duration of life—and haemorrhages occur sooner or later. At 
autopsy the bone-marrow is found to be fatty and aplastic. 

Pernicious anaemia of pregnancy. The diagnosis arises only in cases of 
megalocytic anaemia occurring during pregnancy or a short time after labour. 
It has already been pointed out that free HCl is often present in the gastric 
juice of these patients. The satisfactory and lasting response to antiper- 
nicious anaemia treatment which always occurs eventually removes any 
possibility of achrestic anaemia. 





ACHRESTIC ANAEMIA 79 


Hodgkin’s disease. Hurst and Bell (13), Davidson (7), Goodhart (10), and 
Parkes Weber and Schwarz (27) have described cases of megalocytic anaemia 
which have proved to be cases of Hodgkin’s disease. 

During life the diagnosis has been made by biopsy of an enlarged gland 
or by means of suggestive radiological evidence. After death the micro- 
scopic appearances of Hodgkin’s disease have been found in characteristic 
tissues. Such findings, of necessity, exclude achrestic anaemia. 

Iver disease. The occurrence of megalocytic anaemia in association with 
disorders of the liver has received attention from many writers, notably 
Wintrobe and Shumacker (38) and van Duyn (25). Disease of the liver 
must be excluded when considering a diagnosis of achrestic anaemia, but in 
practice little difficulty arises. In the reported cases the patients have been 
clearly ill of liver disease, and the anaemia has been, as Wintrobe and 
Shumacker say, ‘slight or moderate when compared with the gravity of the 
patient’s illness’. In the two cases of achrestic anaemia reported here 
with enlarged livers, the anaemia was the prominent condition and there 
were no clinical signs or symptoms of liver disease. 

Again, spontaneous remissions were a feature of the hepatic cases, and 
they often ‘ took place in the face of clinical aggravation’. This is not seen 
in achrestic anaemia. 

Fractional gastric analysis has shown both achlorhydria and free acid. 
Wintrobe and Shumacker record that only one out of four cases responded 
to parenteral liver therapy, and that in one they could not be sure that 
there had not been a coincident spontaneous remission. 

It will be seen that patients with liver disease may present a megalocytic 
anaemia, free HCl in the gastric juice, and refractoriness to parenteral liver, 
all of which are features of achrestic anaemia. It is, therefore, conceivable 
that cases might arise where only the morbid anatomy of the liver would 
_ settle the diagnosis. But, as has been stated, the practical deciding factor 
is the clinical predominance of the liver disease. 

Carcinoma of the gastro-intestinal tract. Malignancy of the stomach and 
colon should always be looked for clinically. If the anaemia is so severe 
that megalocytosis is present, X-ray examination will usually show the 
lesion. Parenteral liver therapy as a rule causes a characteristic reticu- 
locyte response (Wilkinson, 33). 

Anaemia due to radioactive substances. Martland (19) described the 
presence of megalocytic anaemia with—at one stage—hyperplasia of the 
marrow in patients who had absorbed radioactive materials. This had 
occurred as a result of following their occupation as ‘dial painters’. All 
the patients had necrosis of the jaw or a rarefying osteitis or sarcoma of 
the bones. 

None of the patients described in this communication had been so 
exposed. 

Leuco-erythroblastic anaemia. This is an anaemia which is characterized by 
the presence of immature myeloid and red cells and is usually microcytic 
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in type. It is seen in certain well-defined conditions, of which carcino- 
matosis of the bones, myelosclerosis, marble bones disease, and Cooley’s 
erythroblastic anaemia of children of Mediterannean stock, are examples. 
Megalocytosis has occasionally been recorded (see Vaughan, 26), but the 
presence of the other associated conditions should serve clearly to dis- 
tinguish them from achrestic anaemia. 

Aleukaemic myeloid leukaemia. Under this name has been described a 
variety of cases whose only common feature during life has been progressive 
severe anaemia. The white cells have been normal or reduced in number, 
the differential white-cell count has varied hardly at all from normal. At 
autopsy a proliferative condition of the bone-marrow and accumulations of 
cells in the viscera have been found. When the marrow picture and cell 
accumulations have been interpreted as resembling those found in myeloid 
leukaemia—usually acute myeloid leukaemia—the diagnosis of aleukaemic 
leukaemia has been made. 

It is clear that as progressive severe anaemia is common to so many 
conditions, the diagnosis of aleukaemic leukaemia is usually only made 
post mortem. It is not proposed to discuss here the evidence for and 
against the existence of aleukaemic myeloid leukaemia. It is likely that in 
earlier works some cases given this designation were in reality cases of 
anomalous anaemias and would to-day be so described. Pinkerton (22), for 
example, points out that two cases described as aleukaemic myeloblastic 
leukaemia strongly suggested pernicious anaemia, and he admits the further 
difficulty of distinguishing in fixed tissues between the early megaloblast 
and the early myeloblast. 

Achrestic anaemia has been placed with the erythropoietic disorders 
because the type of anaemia is constantly that now associated with imper- 
fect megaloblastic maturation, and because the morbid anatomy closely 
resembles that of a known dyshaemopoiesis—pernicious anaemia—and is 
quite distinct from that found in acute or chronic myeloid leukaemias. 
These points serve to exclude a diagnosis of aleukaemic leukaemia. 


Course and Prognosis 


The course is chronic with an insidious onset. The disease ultimately 
proves fatal, although life appears to be prolonged at least for a time by 
intensive anti-anaemic treatment and repeated blood transfusions. 

Prognosis must therefore be guarded. The course of the first case shows 
that though the patient was rescued from serious relapses by blood trans- 
fusions, a fatal result supervened even when the blood count was not at its 
minimum level. Case 2 shows the seriousness in these cases of even mild 
infection, and death occurred, although the blood count was above the 
minimum level for the case and was actually improving. Cases 1, 2, and 3 
show how transfusions become necessary at shorter and shorter intervals. 
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Case 4 maintains a fair condition of health, but it is likely that further 
transfusions will be necessary. 

On the whole, it seems probable that the lives of these patients may be 
prolonged by blood transfusions, but capacity for work is seriously impaired. 
A constant watch must be kept for the onset of relapses and, consequently 
frequent blood counts are necessary. 


Treatment 


As will be appreciated from a study of the case notes, treatment is not 
very satisfactory. Parenteral liver therapy should be given a trial since it 
may also furnish important diagnostic information from the responses 
obtained. Much larger doses than are necessary for most cases of pernicious 
anaemia must be given: 6 to 8 c.c. of liver extract should be given intra- 
muscularly each day for one or two weeks, preferably divided into small 
doses throughout the day. If no reticulocytosis occurs, or if there is but a 
moderate response with poor improvement in the red-cell count, then blood 
transfusions must be considered. These must be repeated until a reasonable 
red-blood cell count is reached: untoward reactions have not occurred 
among these cases. 

Maintenance treatment must always be vigorous, and should consist of 
regular parenteral injections of liver extracts (4 to 8 c.c. weekly, or even more 
frequently) or desiccated stomach in doses of 30 grm. daily. Marmite in 
doses of 20 grm. daily may be given in addition. 

When relapses occur blood transfusions are the method of choice, repeated 
as necessary. 

Splenectomy is not indicated, and, indeed, would not appear to be suit- 
able: Davidson (7), for example, had very discouraging results in cases of 
unusual megalocytic anaemias. 

In our series, parenteral liver treatment was given to all cases: none 
showed a satisfactory response. Case 1, in the early stages responded to 
large doses of liver with ‘ reticulocyte peaks’ (see Fig. 1a); but later this 
treatment had no effect. In Case 2 the reticulocytes showed a small rise 
(maximum 12:5 per cent.) after intensive treatment, but there was no sub- 
sequent response or rise in the red-cell count. 

Desiccated stomach has been given to all cases. All have maintained 
a moderate blood count for a time at least with this form of treatment ; 
nevertheless, severe relapses have occurred. 

Marmite was given to three of these cases without producing any signifi- 
cant change. 

Repeated blood transfusions have been required in every case; all have 
thereby been tided over critical periods, though the effect has been only 
temporary. It has been noted that, as the condition progresses, the effect 


of the transfusions seems to last for ever-diminishing periods. 
[Q.J.M. New Series No. 17] G 
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Case Reports 


Case 1. A labourer, aged 34, was first admitted to the Manchester Royal 
Infirmary on the 15th July 1930. He complained of palpitation, dyspnoea, 
and weakness, which had been progressively increasing for the past seven 
months. There was occasional numbness and tingling in both hands. He 
had noticed that his skin had acquired a yellowish tinge. There had been 
no gastro-intestinal symptoms or soreness of the tongue. Some cough with 
a moderate amount of sputum was present. His weight had remained 
steady. The bowels were regular; micturition was normal. No haemor- 
rhages of any sort had occurred. The previous medical history was good. 
There had been no similar complaints in the family. He worked in the open 
air as a gardener. 

Examination revealed a fairly well-nourished man of sallow brown com- 
plexion. The tongue was clean and moist with some atrophy of the papillae. 
The teeth were very septic. There was a left dacryocystitis. The abdomen 
showed no unusual features; the liver was not enlarged, the spleen not 
palpable. The heart, lungs, central nervous system, and urine revealed no 
abnormalities. The Wassermann and van den Bergh tests were negative. 
A fractional test meal showed hypochlorhydria, Free HCl-0 (fasting con- 
tents), 0, 0, 8 units respectively in successive 15-minute samples. X-ray 
examination of the lungs showed these to be normal. 

The blood count was: red cells, 2,400,000; haemoglobin, 52 per cent. ; 
colour index, 1-08 ; white cells, 3,800 ; polymorphonuclears, 71-5 per cent. ; 
lymphocytes, 26-0 per cent.; large mononuclears, 1-5 per cent. ; eosinophils, 
1-0 per cent ; basophils nil; nucleated red cells absent; aniso- and poikilo- 
cytosis marked ; platelets abundant. 

He was treated with desiccated hog’s stomach (15 grm. daily) and showed 
moderate improvement. The blood counts are shown in Table I, and the 
course of the case in Fig. la. 

He was discharged on 19th August, and remained in reasonable health for 
eleven months with moderately good blood counts. On Ist June 1931 the 
blood count had fallen considerably, although the patient said that he had 
taken treatment regularly, and on the 6th July he was readmitted to hos- 
pital. A daily dose of 30 grm. of desiccated stomach was given for a month, 
but there was little change in the blood count. A course of intramuscular 
injections (total 25 c.c.) of an active liver extract was equally inefficacious. 
On 28th August the patient had an attack of acute follicular tonsillitis. 
This rapidly subsided and then, on the 7th September, a further course of 
ten daily injections of 5 c.c. of intramuscular liver extract was commenced. 
The desiccated stomach was also continued simultaneously. These vigorous 
measures were accompanied by an almost immediate rise in the reticulocyte 
count which was succeeded by an improvement in the patient’s general con- 
dition. While undergoing this course the patient had been transferred to 
the out-patient clinic at his own request. His red-cell count on the 26th 
October was 3,110,000 and the haemoglobin 76 per cent. 

Treatment with desiccated stomach (30 grm. daily) was continued, but in 
spite of this his condition gradually declined. On the 9th February 1932 he 
was again admitted with a recurrence of similar symptoms associated with 
some slight diarrhoea. Examination revealed no new features, there was a 
marked yellow tinge of the facial skin. The red cells were reduced to 960,000 
perc.mm. Daily doses of 5 c.c. of parenteral liver extract and 40 grm. of desic- 
cated stomach were without effect. On 27th February a blood transfusion 
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Fic. 1b. Case 1. Chart to show the effect of a fraction, prepared from the liver of 


Case 1, when administered intramuscularly to a patient suffering from true relapsing 
pernicious anaemia. 
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of 600 c.c. (Group II) was given with disappointing results. A few days 
later further parenteral liver therapy was commenced. This was fol- 
lowed by a sharp reticulocyte crisis (maximum 35 per cent.) and the blood 
and clinical condition greatly improved. Fractional gastric analysis again 
showed the presence of free acid. On the 16th April he was discharged on 
treatment with desiccated stomach, 30 grm. daily. The red cells were 
3,004,000 per c.mm. and the haemoglobin 62 per cent. 
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Fic. le. Case 1. Price-Jones curve. Mean diam. red cells= 7-84; stand. dev. = 1-143 
coeff. variability = 17-7 per cent.; stand. dev. mean = 0-062; megalocytosis = 28-2 
per cent.; microcytosis = 1-4 per cent. In this and subsequent curves the ideal curve 
for smallest normal range = 0--0, ideal curve for largest normal range = O-- O, and 
curve for the patient = e—e. 


He remained in fair health until the end of February 1933, when, after an 
attack of influenza, he once more relapsed. On the 13th April he was again 
admitted with similar signs and symptoms as on previous occasions. The 
red-cell count was 1,152,000 and the haemoglobin 30 per cent. On this 
occasion he remained in hospital for three months. During this period he 
was treated with several courses of parenteral liver extracts of known 
potency. Nevertheless, as Table I shows, the blood condition remained 
almost stationary. 

The Price-Jones curve at this period (Fig 1c) showed a mean red-cell 
diameter of 7-84 microns, coefficient of variability 17-7 per cent., megalo- 
cytosis 28-2 per cent., and microcytosis 1-4 per cent. 

A small reticulocyte crisis, maximum 14 per cent., occurred on one occasion 
during the liver treatment, but otherwise the reticulocytes remained low. 

The fractional gastric analysis at this time showed no free acid with the 
usual gruel test meal, but an injection of 0-25 mg. of histamine provoked a 
small secretion with a maximum free acidity of 4-2 units. 

On the 12th July the patient went home at his own request and was 
treated with desiccated stomach as before. His condition remained more 
or less stationary. On the 22nd September he was readmitted on account 
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of abdominal pain, vomiting, and diarrhoea. He had lost weight and was 
very icteric. The red-cell count was down to 800,000 per c.mm. and the 
haemoglobin to 21 per cent. Another course of intramuscular liver injec- 
tions was given. There was a transient rise of reticulocytes to 15 per cent., 
and the red cells improved to 1,452,000. To the desiccated stomach was 
now added marmite (20 grm. daily). His condition remained unchanged. 
Another prolonged course of liver treatment had no effect. Fractional 
gastric analysis, using histamine again, showed free acid —0 (fasting con- 
tents), 0 (0-25 mg. histamine injected), 9, 21, 17, 8, 0, units respectively in 
successive 15-minute samples. On the 3lst December he suddenly became 
much worse and lapsed into a comatose condition. The red-cell count was 
880,000 perc.mm. A blood transfusion of 570 c.c. was given by the direct 
method with encouraging results. During the month of January 1934 
a further six transfusions in all were given, a total of 3,690 c.c. of blood. 
This drastic treatment raised his red-cell count to 3,464,000 per c.mm. 
with a corresponding improvement in his clinical condition. On the 
19th February he returned home, and treatment with desiccated stomach 
and marmite was continued. 

From Fig. la it will be seen that the blood count slowly fell. On the 
23rd March another transfusion of 500 c.c. was administered. He remained 
fairly well until the 14th May, when he complained of some pain in the feet, 
but there was no detectable oedema. On the 28th May he attended in a 
very collapsed state. He complained of intolerable pain in the ankles, 
there had been some expectoration of blood-stained mucus, and diarrhoea 
with flatulence had occurred. On examination petechial haemorrhages 
were found in the mucous membrane of the mouth. The red-cell count was 


1,320,000 and the haemoglobin 39 per cent. He was immediately read- 
mitted, but he died suddenly on the 30th without response to treatment. 


Post-mortem examination (carried out by Dr. H. L. Sheehan), 

The bone-marrow of the femur was of a deep maroon colour throughout 
and much in excess of the normal amount, extending along the whole length 
of the bone. The cortex of the femur was much thinned (see Plate 6, 
- Fig. 5). 

The liver (1,720 grm.) was a buff brown colour and contained much free 
iron. The spleen (120 grm.) was small with pulp of normal appearance and 
also contained much free iron. The kidneys were pale, the free iron reaction 
was positive. 

The myocardium showed very slight fatty degeneration. The aortic 
valve had only two cusps. The lungs were anaemic but otherwise normal. 
The stomach showed an atrophic mucosa without folds. 

The other organs presented no particularly noteworthy appearance. 


Microscopical examination. Bone-marrow: Stained with Jenner-Giemsa, 
the general appearance resembled that of pernicious anaemia with an un- 
usual degree of change. 

The fat spaces, though still present, were separated by large cellular areas. 
Most striking in these areas were the groups of large cells with large vesicular 
nuclei containing chromatin threads and dots and scanty cytoplasm staining 
dark blue. These cells in their form and arrangement precisely resembled 
the megaloblasts found in untreated pernicious anaemia. The clumps of 
megaloblasts were in some areas very numerous, in others more scattered. 
Single megaloblasts also occurred fairly frequently (Plate 6, Fig. 6). 
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TABLE I 
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2-42 52 1-08 7,200 
373 67 0-90 7,600 
3:80 76 1-00 3,800 
3-45 46 0-66 4,400 
2:30 60 1-07 3,200 
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2-73 68 , 6,400 
2-69 64 ° 6,400 
2-09 50 ; 7,100 
1:15 30 “ay 5,600 
1-18 30 : — 
0-84 24 : — 
0-90 27 . — 
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TABLE I (continued) 


Poly- ; Nucl. 
cone, ey Colour White morphs, — red cells, Treat- 


a index. cells. per per 400 ment. 
—_ cent. °™ WBC. 


0:95 26 1-40 10,000 . nil. 
1:22 34 1-41 7,400 
37 1-32 7,000 
34 1-54 5,200 
34 1-20 6,800 
42 1-55 5,800 
1-46 8,000 
1-40 9,600 
1-55 8,200 
1-12 8,100 
1-01 8,800 
1-22 7,200 
1-40 4,600 
1-30 7,000 
1-30 5,000 
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1-24 5,800 
1-32 4,200 
1-22 pan 
1-40 3,900 
1-17 6,100 
1-15 7,100 
1-17 6,800 
1-09 6,100 
1-19 jo 


0-97 _ 
38 1-15 5,200 


Oo 
lel | 


oe woon~ 


42 1-05 3,100 

54 1:10 3,500 
48 1-15 4,800 

2-51 50 1-00 —_— 


ee 


3-04 56 0-93 —_ 
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2-88 61 1-05 3,000 
2-68 58 1-08 6,000 
3-14 62 1-00 6,000 
2-63 68 1-28 7,800 
2-66 56 1-04 9,200 ; _ 
2-11 47 1:12 7,400 : 0-8 
1-32 39 1-50 4,800 0-1 
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Note. In the tables and charts appertaining to these cases the following abbreviations 
are used to denote various treatments. 
Fe = Iron and ammonium citrate or Pil. Ferri Carb. (B.P.) 
L = Parenteral liver extract (antipernicious anaemia fraction). 
L (oral) = Oral ” ” ” ” 9 
M = Marmite. P = Pentnucleotide. 
S = Desiccated stomach. T = Blood transfusion. 
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The remainder of the area was, however, chiefly composed of numerous red 
cells, neutrophil myelocytes and polymorphonuclears, and quite frequently, 
eosinophil myelocytes and polymorphonuclears. 

Erythroblasts with purple cytoplasm and large nuclei were seen occasion- 
ally: normoblasts were rare. There also occurred smaller, and presumably 
more primitive ‘ blast’ cells and occasional megakaryocytes. Lymphocytes 
were present in small numbers throughout the tissue. 

Liver: there was some atrophy of the centre of the lobules and much 
haemosiderin was present. 

Spleen: the Malpighian bodies were well-marked and the pulp contained 
many erythrocytes; there was some excess of fibrous tissue, and haemo- 
siderin was present in large amounts. 

Kidneys: showed haemosiderin, though in small masses. 

Stomach: the mucosa was apparently normal apart from post-mortem 
autolysis. 

Lymph gland: rather oedematous, the follicles were somewhat dis- 
organized. No haemosiderin was seen. 

Haemopoietic activity of the liver. A suitable extract for parenteral (intra- 
muscular) injection was prepared from the liver by the usual method 
employed by Wilkinson and Klein (36) for making these anti-anaemic 
fractions. When this was administered to suitably controlled patients 
suffering from typical relapsing Addisonian pernicious anaemia, excellent 
haemopoietic responses were obtained as illustrated by the case in Fig. 1), a 
reticulocyte crisis with maximum reticulocytes 25-8 per cent. being produced, 
followed by a good clinical response. This indicated that the liver was rich 
in the antipernicious anaemia principle. 


Case 2. A night watchman, aged 62, was first seen on the 27th November 
1933. He stated that about four months previously he had been to consult 
his doctor on account of dyspnoea on exertion, undue fatigue after work, 
increasing pallor (which he himself had noticed), and indigestion—discom- 
fort and substernal pain, which occurred immediately after taking food, 
were relieved by eructation or by taking alkalis; swelling of the feet and 
ankles had occurred, and finally cough had been present during the previous 
three winters. 

There had not been any vomiting. Apart from slight occasional epistaxis, 
there had been no haemorrhages. The patient’s weight remained steady. 
The appetite was good; the. bowels were regular and micturition normal. 
He reported the occurrence of infrequent ‘sweats’ during rest. 

Neither the previous medical history nor the family history had any 
features of note. 

On examination the patient was found to be a well-built rather stout 
man with reddish hair and a pale complexion. The conjunctivae showed 
marked pallor and slight icterus. The pulse-rate was 90, regular, and the 
character was somewhat collapsing. The temperature was normal. The 
tongue was rather smooth, moist,’ and clean; throat and tonsils were 
healthy ; the teeth were artificial. 

Neither cyanosis or clubbing of the fingers was noticed. There was an 
old injury to the right carpus. 

The abdomen was stout, but not ascitic, there were no enlarged veins or 
obvious masses. The liver was enlarged, extending 2 in. below the costal 
margin; palpation was difficult, but it appeared smooth and was not 
tender. The spleen was not palpable. 
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The heart was somewhat enlarged, the apex beat being 3 cm. to the left 
of the mid-clavicular line. There was a generalized praecordial systolic 
murmur. The blood-pressure was 118/62 mm. 

The lungs were emphysematous, and there were a few scattered rhonchi. 
There was no oedema of the bases. No unusual features were noted in the 
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Fic. 2a. Case 2. Chart to show progress with blood examinations and treatment. 
Red cells = e—e; haemoglobin = e-—e; reticulocytes = e—e. 








examination of the central nervous system. The urine was acid and free 
from albumin, sugar, bile, and casts. 

No oedema of the feet or ankles was present. 

The blood count (11th December 1933) showed: red cells, 1,688,000 ; 
haemoglobin, 51 per cent.; colour index, 1-53; white cells, 4,000, polymor- 
phonuclears, 24 per cent.; lymphocytes, 70 per cent.; large mononuclears, 
6 per cent.; eosinophils, basophils, and nucleated red cells were absent ; 
aniso- and poikilocytosis were marked, platelets scanty; reticulocytes were 
1-1 per cent.; polychromasia was present, but no punctate basophilia was 
seen. 

The Price-Jones curve (Fig. 2c) showed a mean red-cell diameter of 7-89 
microns; coefficient of variability, 13-5 per cent.; megalocytosis, 24-8 per 
cent.; and microcytosis, nil. 

Treatment with desiccated stomach did not cause any great improvement, 
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and on the 15th January 1934 he was admitted to the Infirmary for further 
investigation. 

Fractional gastric analysis showed hyperchlorhydria, free acid — 23 (fasting 
contents) 7, 28, 56, 52, 78, 62, 31, 19 units in successive 15-minute samples. 
The Wassermann reaction was negative. The van den Bergh test gave 
a direct delayed response. The fragility of the red cells was within normal 
limits. 

X-ray examination of the lungs showed no evidence of active tubercle. 

A course of 24 c.c. of intramuscular liver extract was given over eight 
days. As shown in Table II, there was a slight rise of red cells accompanied 
by a small reticulocyte crisis (maximum 12-2 per cent.). This response was 
very poor. Two transfusions (Group II) of 600 and 700 c.c. respectively 
were therefore given at an eight-days’ interval. These raised the red-cell 
count to 2,570,000 (26th February). The chart (in Fig. 2a) shows that the 
initial improvement was followed by a further relapse. Another transfusion 
of 500 c.c. was given on the 4th April with satisfactory results. He was 
then allowed to go home on treatment with desiccated stomach, 15 grm. 
daily. 

Between the 6th and 13th March, 50 c.c. of pentnucleotide were given 
intramuscularly in an attempt to raise the low count of granular white cells. 
This had a very limited effect, and a further course of 80 c.c. between 17th 
and 27th March was similarly disappointing. 

The patient maintained his condition for some weeks after discharge, but 
then began to decline. On the Ist June he was given 3 c.c. of a concen- 
trated liver extract. Shortly after this, however, the patient failed to 
attend for two months, during which time he had no treatment. When he 
reappeared the blood count had fallen greatly. 

During the next week 18 c.c. of an active liver extract were given intra- 
muscularly, but the blood count continued to fall, and on the 31st August 
he was readmitted to hospital. Two transfusions of 800 c.c. and 700 c.c. 
respectively were given and his condition thereby much improved. He was 
discharged on the 13th September and given 30 grm. daily of desiccated 
stomach. 

The steady decline of the blood count, in spite of treatment, occurred as 
before, the red-cell count falling from 2,680,000, on discharge, to 1,520,000 
within six weeks. Another transfusion (750 c.c.) was given on 31st October, 
which raised the blood level to its previous height, and treatment was con- 
tinued with desiccated stomach (30 grm. daily) and marmite (20 grm. 
daily). 

His condition and blood counts fluctuated, as shown in Table II, and, 
although early in January 1935 he appeared to be improving, when he 
attended on the 24th January he was far from well. 

Ten days before this date he had had two right lower molar teeth ex- 
tracted, his face had swollen within twenty-four hours, since when he had 
been in great pain and hardly able to eat. On examination the whole of the 
right side of the face was swollen and tender, especially below and over the 
lower jaw. He could hardly open his mouth, but there appeared to be no 
haemorrhage. His temperature was 101° F., the liver was enlarged as 
before, but the spleen was only just palpable. The blood count showed 
a serious fall, the red cells being 1,490,000 per c.mm.; haemoglobin, 20 per 
cent.; colour index, 0-67; and white cells, 19,400, of which 76 per cent. 
were polymorphonuclears and 20-5 per cent. lymphocytes. 

He was at once admitted to the Infirmary. Local treatment and feeding 
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measures were instituted, and 4 c.c. daily of an active intramuscular liver 
extract were given. Although there was no reticulocyte response, after five 
days the blood count showed a slight improvement, but the patient was 
clearly going downhill, and he died three days later. 


Post-mortem examination (carried out by Dr. J. Davson). The bone-marrow 
(femur) was red throughout and extremely hyperplastic, extending through- 
out the marrow cavity. 
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Case 2, when administered intramuscularly to a patient suffering from true relapsing 
pernicious anaemia. 


The liver (2,200 grm.) was enlarged, pale brown, and slightly firmer than 
usual, though there was no macroscopic evidence of cirrhosis, the Prussian 
blue reaction showed the presence of much free iron. 

The spleen (200 grm.) was also rather enlarged; the pulp was firm and 
dark, and free iron was abundant. The kidneys were pale with normal 
cortical and medullary patterns. 

The heart (400 grm.) was enlarged with pale brownish flabby myocardium. 
The pericardium and valves were healthy; the walls of the left ventricle 
were somewhat hypertrophied. The aorta showed some lipoid streaking in 
the thoracic region and one or two atheromatous plaques in the abdominal 
portion. 

The right lung was congested and oedematous; there was a commencing 
patchy broncho-pneumonia in the lower lobe of the left lung. 

The stomach appeared healthy, as did the small intestine : the large bowel 
showed some haemorrhages in the ascending colon, but no ulceration. 

The remaining organs presented no noteworthy features. 

Microscopical examination. Bone-marrow. This was very cellular, and 
fat spaces were small and separated by large cellular areas. As in Case 1, 
the clumps of megaloblasts were a prominent feature, but between these 
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clumps the cellular areas presented a different appearance from that seen 
in the previous case. 

This was caused by a marked scarcity of polymorphonuclear cells and 
myelocytes ; the neutrophils occurred only infrequently and the eosinophils 
very rarely. In consequence the cellular areas appeared somewhat empty 
and the other varieties of cells relatively more frequent than in Case 1. 
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Fic. 2c. Case 2. Price-Jones curve. Mean diam. red cells = 7-89; stand. dev. = 
1-06; coeff. variability = 13-5 per cent.; stand. dev. mean = 0-042; megalocytosis = 
24-8 per cent. ; microcytosis = nil. 


Scattered megaloblasts and some smaller ‘ blast’ cells were common ; some 
of these had double nuclei. Erythroblasts and normoblasts occurred occa- 
sionally. Megakaryocytes were easily found. Elongated reticulo-endo- 
thelial cells were quite prominent. Red cells and lymphocytes were to be 
seen scattered throughout the tissue. 

Spleen: the Malpighian bodies were well marked but small; the pulp was 
fairly cellular, containing large numbers of erythrocytes, but here also there 
were fewer polymorphonuclear cells than usual. Free iron was abundant. 


Liver: the cells appeared healthy but contained much free iron. 
Kidney: normal; no free iron was seen. 


Colon: portions of the mucosa showed inflammatory infiltration and some 
haemorrhagic necrosis ; the infiltration was particularly marked in the sub- 
mucous coat, but no actual destruction of the submucosa was present. 


Haemopoietic activity of the liver. As in Case 1, an extract suitable for 
intramuscular injection was prepared and tested on properly controlled 
relapsing cases of true pernicious anaemia. As Fig. 2b shows, the extract 
proved to have a considerable haemopoietic activity, since it produced 
a typical reticulocyte crisis (maximum of 30-4 per cent.) and initiated a 
normal remission. 
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TABLE IT 
Poly- 
White morphs, 
cells. per 
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2,000 — 
4,000 24-0 
4,200 —- 
6,800 — 
3,200 — 
3,100 21-0 
3,400 16-0 
3,500 24:0 
2,800 13-0 
2,500 21-0 
3,200 10-5 
3,600 13-5 
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3,600 14-0 
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2,900 27-0 
4,000 52-5 
4,400 19-0 
3,600 16-5 
3,800 24-0 
3,000 24-0 
2,800 29-5 
1,800 39-0 
1,800 15-0 
2,600 9-0 
3,400 20-0 
3,800 19-0 
2,800 13-5 
3,600 20-5 
3,200 16-0 
6,400 19-0 
4,000 20-5 
2,800 17-0 
3,000 31-5 
3,400 58-8 


Retics. 


per 


cent. 


ee ene 
won 


mm i BD tp Go G9 
wm =I bo bo © 0 


22SS0| 9] 
bdo oot OO ~I 


0-6 


0-6 
1-2 


4-2 
2-4 
12-8 
few 


8-0 
1-2 
0-5 


lol 


| wooo! o | Ramaceo| Moncoco!l ° | mowo!l 


_— 
aoa m— 


Treat- 
ment. 


nil. 


nil. 
nil. 


nil. 











94 QUARTERLY JOURNAL OF MEDICINE 


Case 3. A married woman, aged 66, was admitted to hospital on the 
7th August complaining of loss of energy, fatigue, and loss of weight. This 
condition had been slowly worsening for many months, but particularly 
during the last three months. There had been dyspnoea on exertion, palpi- 
tation, and occasional vomiting when fatigued. The appetite was poor, but 
there had been no true indigestion. The bowels were regular, and there 
was no flatulence. The menopause had occurred normally at 55 years of 
age. Micturition was normal. Occasional paraesthesiae in the fingers and 
toes had been noticed. No haemorrhages or rashes had occurred. 

There was nothing of note in the previous medical or family histories. 

Examination showed a pale, slightly icteric woman of small stature who 
had clearly lost weight. The mucous membranes were markedly pale. The 
tongue was not sore and showed no evidence of glossitis. The throat and 
tonsils were apparently normal. The teeth were artificial. The pulse was 
of fair volume, rate 84, regular. The temperature remained normal. 

The abdomen was fairly full; the liver was smooth and palpable about 
1} inches below the costal margin; the spleen was smooth, somewhat tender, 
and was palpable about 1 inch below the left costal margin. No enlarged 
lymph glands were detected. 

The heart was of normal size, the blood-pressure being 130/80 mm. The 
other systems revealed no abnormalities. 

The Wassermann test was negative. The van den Bergh reaction gave a 
positive indirect response. Fractional gastric analysis showed the presence 
of free hydrochloric acid — 0 (fasting contents), 0, 3-5, 12-5, units at succes- 
sive 15-minute intervals, with free secretion after histamine injection (maxi- 
mum free acid 50 units). X-ray examination of the alimentary tract 
revealed nothing of note. 

The blood count (8th August) showed: red cells, 1,360,000; haemoglobin, 
26 per cent.; colour index, 0-93; white cells, 5,200; polymorphonuclears, 
77-5 per cent.; lymphocytes, 16-5 per cent.; large mononuclears, 2-5 per cent., 
eosinophils, 2-5 per cent.; basophils, 1-0 per cent.; nucleated red cells 
4 per 400 white cells ; polychromasia was marked ; anisocytosis and poikilo- 
cytosis were very evident; platelets were fairly abundant ; reticulocytes, 
3°6 per cent. 

In spite of the rather low colour index, it was felt that the clinical 
condition of the patient and the blood picture as a whole suggested an 
anomalous anaemia of type similar to the preceding cases, and the results of 
the gastric analysis and X-ray examination tended to confirm this. Iron 
was given in suitable doses, and then 16 c.c. of a concentrated parenteral 
liver extract. On the 25th August the red cells were, 1,230,000; haemo- 
globin, 28 per cent.; the colour index was 1-15. A Price-Jones curve 
(Fig. 30) showed a mean red cell diameter of 7-87 microns; coefficient of 
variability, 10-6 per cent; megalocytosis, 18-0 per cent.; and micro- 
cytosis, nil. 

There was no response to the first doses of liver: a further course of 
16 c.c. produced no change in the blood count or the reticulocytes (see 
Table III and Fig. 3a). Two transfusions (Group IV) of 700 c.c. and 600 c.c. 
respectively were given. These raised the red cells to 3,270,000 with much 
improvement in the clinical condition of the patient. She was discharged 
to the Departmental out-patient clinic on the 22nd December, the treat- 
ment consisting essentially of iron therapy. 

One month later the blood count had fallen somewhat, and treatment 
with desiccated stomach (30 grm. daily) was therefore recommended. At 
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her next attendance the count had fallen to 1,490,000, and although the 
patient said that she felt fairly well, she was readmitted a few days later 
for another transfusion of 600 c.c. The patient then returned home and 
treatment was continued with marmite (20 grm. daily) and desiccated 
stomach (30 grm. daily), but the improvement was not maintained. On 
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Fic. 3a. Case 3. Chart to show progress with blood examinations and treatment. 
Red cells = e—e; haemoglobin = e-—e; reticulocytes = e—e. 


7th January, 1935, the red cells had fallen to 1,307,000 per c.mm. and the 
haemoglobin to 30 per cent. She was again admitted to hospital and given 
a course of intramuscular liver extract (16 c.c.) but the blood condition 
remained stationary. After three weeks’ treatment with 30 grm. daily of 
desiccated stomach the blood condition, as Table III shows, had deteriorated 
still further. Another transfusion of 600 c.c. was given on 7th February 
and resulted in some improvement. The blood count began to fall again 
almost at once, and though intramuscular liver extract (2 c.c.) and desic- 
cated stomach (30 grm.) were administered daily, her condition remained 
very precarious. As the patient became anxious to return home, a further 
transfusion was given on 11th March; although this only raised the red cells 
to 1,700,000 per c.mm. she took her departure and her doctor continued the 
treatment with desiccated stomach. 

One month later she was readmitted to hospital, her red-cell count being 
888,000 per c.mm., and the haemoglobin 17 per cent. : examination showed 
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some early consolidation of the lungs and a feeble pulse. In spite of this 
she was remarkably alert, but it was judged inadvisable to give a further 
transfusion. Intensive treatment with liver extract and desiccated stomach 
failed to arrest the decline, and towards the end of April the lung condition 
became frankly pneumonic: she died on the 6th May. 


Post-mortem examination (carried out by Dr. J. Davson). The femoral bone- 
marrow was dark red and hyperplastic throughout. 

The liver (1,600 grm.) was yellowish and showed evident fatty change. 
Free iron was present in considerable quantities. On the anterior surface of 
the right lobe there was an old fibrous scar, possibly significant of previous 
liver damage. 

The spleen (440 grm.) was soft in consistence with a dark red pulp in 
which the Malpighian bodies could easily be distinguished. Free iron was 
present in fair quantities. 

The kidneys showed fine granularity of the surface on stripping the 
capsule ; the cortical and medullary patterns were little disturbed, apart 
from areas of fatty change. 

The heart was flabby, the myocardium pale, and there was dilatation of 
the chambers of the right side. 

The lungs showed intense oedema with some bronchiolitis in the left 
lower lobe. 

The stomach was healthy, as were the intestines. . 

The pancreas was pale, but otherwise normal. 

The thyroid was pale, the adrenals somewhat atrophic with thinned cortex. 


Microscopical examination. Bone-marrow. This was much more cellular 
than usual, though the hyperplasia was not so intense as in the previous two 
cases, fat spaces, for instance, being present in most fields. 

Megaloblasts occurred in small groups throughout the marrow ; erythro- 
blasts were seen quite frequently, but normoblasts were rare. Neutrophil, 
myelocytes and polymorphonuclear cells were found in fair numbers, eosino- 
phils appeared occasionally. Megakaryocytes were easily found. 

Erythrocytes occurred scattered throughout the tissue, as did lymphocytes, 
these latter being sometimes in small folliculoid accumulations. 

The general appearance was that of a megaloblastic hyperplasia of 
moderate degree, corresponding to the age of the patient and the relative 
shortness of the illness, with the leucopoietic tissues functioning normally. 


Spleen. The pulp was very cellular, though a fair amount of general 
fibrosis was evident. The Malpighian bodies were, however, small. There 
were large numbers of erythrocytes and much debris in the pulp. The 
blood-vessels showed arteriosclerotic changes. 


Liver. There was evident atrophy with separation of the cords of cells at 
the centres of the lobules. The liver cells showed marked haemosiderosis. 

Fatty changes were only seen in some cells in the central lobular 
areas. 


Haemopoietic activity of the liver. As in the previous cases, an extract 
suitable for intramuscular injection was prepared and tested on properly 
controlled relapsing cases of true pernicious anaemia. 

Fig. 3b shows that the extract had considerable haemopoietic activity, 
the typical reticulocyte crisis occurring and a normal remission being 
initiated. 
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Case 4. A hydraulic packer, aged 63, was first seen in the out-patient 
clinic on 23rd March 1935. He stated that for the last eight months he 
had been troubled with dyspnoea on exertion, accompanied by a gripping 
sensation across the sternum. He found that his work tired him very much, 
and it was only with a great effort that he kept himself at work. 

He had noticed the increasing pallor and yellowish tinge of his face. 
There had been occasional attacks of ‘ palpitation’. These symptoms had 
been steadily increasing in intensity. 

Apart from these, he had no complaints. His weight was steady, his 
appetite excellent; there was no indigestion or fullness after food. The 
bowels acted regularly and there was no flatulence. Micturition was normal. 
He had noticed occasional cramps in the legs, but no paraesthesiae. No 
haemorrhages had occurred. He had never suffered from soreness of the 
tongue. 

There was nothing of importance in the previous medical history or the 
family history. His work as a packer was heavy, but did not bring him 
into contact with chemicals. 
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On examination, a well-nourished man of rather stout build; his face 
was definitely pale and of a biscuit-coloured tinge. The teeth were artificial, 
the tongue clean and moist with no evidence of glossitis. The throat and 
tonsils were apparently normal. The pulse was regular and of good volume, 
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Fic. 4a. Case 4. Chart to show progress with blood examinations and treatment. 
Red cells = e—e; haemoglobin = e-—e; reticulocytes = e—e. 


4 


rate 90. There was no pyrexia. The heart was not enlarged, the sounds 
were faint, but unaccompanied by murmurs. The blood-pressure was 
160/80 mm. Hg. In the abdomen the spleen could not be palpated, the 
liver was not enlarged, and no abnormal mass was detected. The lungs 
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showed uniformly good air entry. The central nervous system examination 
revealed no striking feature. There were no enlarged lymphatic glands. 
The urine was acid and free from abnormalities. 

The blood count was: red cells, 1,530,000 ; haemoglobin, 47 per cent.; 
colour index, 1:56; white cells, 8,800, composed of polymorphonuclears, 
69-5 per cent. ; lymphocytes, 26-0 per cent.; large mononuclears, 4:5 per 
cent. ; eosinophils, basophils, and nucleated red cells were absent ; there was 
marked anisocytosis and poikilocytosis; platelets were scanty. 
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Fic. 4b. Case 4. Price-Jones curve. Mean diam. red cells = 8-46yu; stand. dev. 
= 0-95,; coeff. variability = 10-0 per cent.; stand. dev. mean = 0-046; megalo- 
cytosis = 25-2 per cent. ; microcytosis = nil. 


The Price-Jones curve (Fig. 4b) showed a mean red-cell diameter of 8-46 
microns: coefficient of variability, 10 per cent.; megalocytosis, 25-2 per 
cent.; and microcytosis nil. 

Three days later he was admitted to the wards and further investigations 
were undertaken. 

The reticulocyte count was low, being 1-4 per cent. Fractional gastric 
analysis showed acid secretion to be of the climbing type, the free acid 
being — 2 (fasting contents), 4:5, 15, 29, 32, 28, 48, 68 units in successive 
15-minute samples. 

The Wassermann reaction was negative. The van den Bergh test showed 
a very weak direct delayed and an evident indirect reaction; there were 
1-8 units of bilirubin. 

The fragility of the red cells was within normal limits (0-44 per cent. to 
0-30 per cent. NaCl); the platelets were estimated at 102,000 per c.mm. 

During an observational period before treatment the blood count fell and 
the reticulocytes remained uniformly low, as will be seen from Fig. 4a and 
Table IV. A course of treatment with desiccated stomach, 45 grm. daily, 
caused only a slight improvement, even after a fortnight. Successive courses 
of intramuscular liver extract produced hardly any reticulocytosis, and the 
blood count remained steady for a time and then fell; on the 11th June it 
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had reached 970,000 red cells per c.mm. with 30 per cent. haemoglobin. 
Two transfusions (Group IV), each of 600 c.c., were therefore given, and 
resulted in considerable clinical improvement, at the same time raising the 
red cells to 2,290,000 per c.mm. and the haemoglobin to 66 per cent. 

Further improvement was obtained by giving another transfusion of 
650 c.c. six days later, and this was followed by a course of intramuscular 
liver therapy (12 c.c.). As the chart shows, his blood count was considerably 
raised, and the patient’s clinical condition was clearly more satisfactory. 
He was therefore discharged on 8th July, and treatment with 8 c.c. of intra- 
muscular liver extract weekly was continued by his doctor. His condition 
remains at present fairly satisfactory, and the blood level is for the time 
steady. 
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Summary 


1. Four cases of a primary megalocytic anaemia are fully discussed. 

2. They are characterized by (i) free HCl in the gastric secretion, (ii) the 
presence of adequate anti-anaemic principle in the liver, (iii) a morbid 
anatomy closely resembling that of pernicious anaemia, (iv) failure, in vary- 
ing degrees of initial completeness, but eventually total, to respond to specific 
anti-anaemic therapy. 

3. The course of the disease is prolonged, and eventually, in spite of blood 
transfusions, appears to end fatally. 
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4, It is suggested that the aetiology is a failure to utilize or to mobilize 
from the tissue stores the anti-anaemic principle necessary for the matura- 


tion of the megaloblast. 
5. Although these cases occur only rarely, they represent a definite, 
recognizable, clinical and pathological entity which has been named ‘ Achrestic 


Anaemia ’. 
6. The differential diagnosis and treatment of achrestic anaemia are 


fully discussed. 


This work has been carried out with assistance from the Medical Re- 
search Council and the Lady Tata Memorial Trust, which we gratefully 
acknowledge. 
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THE LEUCOCYTOSIS IN TYPED LOBAR PNEUMONIA' 
SERUM TREATED CASES 


By JOHN FLEMING 
(From the Glasgow Royal Infirmary) 


An attack of lobar pneumonia calls forth changes in the cellular elements 
of the blood. The most important of these is the sudden increase in the 
number of the circulating leucocytes. The count begins to rise immediately 
after infection, and may reach from 15,000 to 25,000 even before symptoms 
have declared themselves. The leucocytosis is mainly due to increase of 
neutrophil polymorphs, but there may be a shift to the left of varying degree 
with the appearance of metamyelocytes, and even occasional myelocytes. 
Lymphocytes and hyaline cells are reduced absolutely, and eosinophils are 
usually absent. The leucocytosis is maintained until the crisis, when the 
count rapidly falls to normal figures, the fall usually lagging a little behind 
the fall in temperature. 

While this is the usual response to the infection, in some cases the count 
may remain low throughout the illness or may rise to very high figures ; 
100,000 cells per c.mm. has been recorded (1). In many cases these varia- 
tions can be correlated with the occurrence of complications such as em- 
pyema or pulmonary abscess, or with the amount of lung tissue involved, 
- but in others no adequate clinical explanation is available. Leucocytosis is 
regarded as a favourable sign, leucopenia as unfavourable. 

The observations upon the leucocyte count in pneumonia in the past 
have, with one exception (11), been made in untyped cases, and it has 
seemed desirable to revise the subject in a series of cases in which the 
special type of pneumococcus concerned has been determined. 

Only typical cases of lobar pneumonia have been considered, the criteria 
of diagnosis being consolidation of the lung, rusty sputum, and bacterio- 
logical detection of pneumococci in the sputum or blood. The onset of 
illness was estimated by the time of occurrence of the more dramatic 
symptoms; pleuritic pain, rigor, vomiting, &c. In the majority of cases it 
was well defined. The blood counts were first made about an hour after 
admission of the patient to the wards, coincidentally with the first blood 
cultures, and prior to the administration of serum. 

Two counts were made from each blood sample and the mean taken. 


1 Received June 26, 1934. 
(Q.J.M. New Series No. 17] 
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Subsequent counts were generally made between 9 a.m. and 12 noon. All 
the patients were given a simple fluid diet, and the effects of digestion upon 
the leucocyte count can thus be disregarded. Counts in most cases were 
made every day until convalescence was established. 

Simpson (2), corroborating the work of Sabin and others, has shown that 
the variations from hour to hour in the leucocyte count may be consider- 
able. The administration of Felton’s serum raises also the question of the 
effect of horse protein upon the leucocyte counts, but these considerations 
are immaterial in the present investigation, which is concerned with the 
prognostic significance of the leucocyte count in pneumonia rather than 
with the exact causes of its occurrence. 

The term ‘leucocytosis’ has been used to indicate a count of more than 
10,000 white cells per c.mm., and leucopenia to indicate a count of under 
7,000 cells. In view of the physiological variations in the counts, the term 
‘adequate’ is here used to indicate more than 15,000 cells, and ‘inadequate ’ 
to indicate a lesser count. 


Type I Cases 


Fifty-eight Type I cases were examined, of whom four died. Fig. 1 shows 
the number of cases on each day of illness which had an ‘ adequate’ and an 
‘ inadequate’ leucocytosis; e.g. of the thirty-three cases examined on their 


sixth day of illness, twenty-one had counts exceeding 15,000 per c.mm. and 
twelve had less than this number. On each day of illness a majority of all 
cases had more than 15,000 perc.mm. Most of the fifty-four patients who 
recovered had a normal temperature by the fourth day (39 per cent.) or by 
the sixth day (a further 26 per cent.), so that a large number of the ‘ in- 
adequate ’ counts shown on the graph are terminal. Most of those who had 
a longer illness than this maintained an ‘ adequate’ count till defervescence. 
Thus of all counts made during the first ten days of illness the great 
majority exceeded 15,000. High counts were common and leucopenia was 
rare. The fatal cases had leucocyte curves which tended to the upper and 
lower extremities of the graph; in this series it happens that the highest 
and lowest counts both occurred in fatal cases. 

In the four cases which were observed from the onset the leucocytosis was 
high before symptoms were well defined, and on the following days the 
count gradually diminished, reaching normal figures with recovery. Forty- 
four cases (76 per cent.) had a curve of this form (Fig. 2), and in all of these 
the first count was the highest. Included in this group are six patients who 
had an ‘inadequate’ leucocytosis throughout ; all were sharply ill and one 
patient died. 

Fourteen cases (24 per cent.) had a curve which was the reverse of the 
usual one, the early counts being followed by higher counts. This group is 
of special interest. 
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Admitted on the first day of illness. J.C. was admitted sixteen hours after 
the onset. A moderate increase of the leucocytosis occurred after the 
administration of serum. The blood culture was positive. Crisis upon the 
third day. 

Admitted on the second day of illness. Six patients were observed. Three 
recovered, all of whom had positive blood cultures; two of these were 
seriously ill. Three died: the blood cultures were positive in two cases; 
one had a high count from the commencement, but, in spite of youth, a good 
physique, and a negative blood culture, developed an empyema; the second 
had low counts on admission which rose on the sixth day, but fell again 
before death on the eleventh day; in the third case a slight rise after 
admission was followed by a leucopenia on the fourth day. 

Admitted on the third day of illness. Three patients were observed. One 
had a consolidation of the whole right lung; the blood culture was negative. 
The second developed pericarditis, which may have been the cause of the 
increased count; the blood culture was negative. The third was seriously 
ill, but the symptoms rapidly responded to treatment, and the cell count 
rose ; the blood culture was positive. 

Admitted on the fourth day of illness. Two patients were observed. One 
was a healthy woman who aborted on the twenty-second day after admis- 
sion. The rising leucocyte count probably coincided with the death of the 
foetus; the blood culture was negative. The second patient had a positive 
blood culture on admission, and a sterile culture twenty-four hours later. 

Admitted on the sixth day of illness. Two patients were observed. In both, 
blood culture was negative. One developed a pulmonary abscess. In the 
second case resolution was delayed. 


All these cases were treated with Felton’s serum injected intravenously 
shortly after admission and after the first leucocyte count. Since, in the 
majority, the admission count was the highest recorded, it is unlikely that 
the serum had any specific effect in increasing the leucocytosis. 

It is thus apparent that while a high leucocyte count in the early stages 
of the illness is a good prognostic omen, low leucocyte counts occur in many 
patients who are seriously ill at the outset but ultimately recover, though 
the mortality in the second group (three of fourteen patients died) is much 
greater than in the first (one of forty-four patients died). 


Type II Cases 


Fifty-one Type II cases were examined ; of these ten died. The graph 
(Fig. 3) shows that the majority of Type II cases have counts of less than 
15,000 cells, and that counts of 20,000 cells are relatively few in number. 
The counts in the fatal cases did not tend to the upper and lower limits of 
the graph as in Type I cases but were fairly evenly distributed throughout. 
Very high counts occurred much less frequently, and very low counts much 
more frequently than in Type I cases. 
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During the first forty-eight hours of the illness the leucocytosis was only 
moderate in most cases and subsequently tended to remain about 15,000 or 
below this figure. By the fifth day, at which stage the maximum number 
of patients were under observation, only one-third had an ‘adequate’ 
leucocytosis. As in the Type I cases, when the illness continued after the 
eighth day, the majority had an ‘ adequate ’ leucocytosis. 

In thirty-five cases (69 per cent.) the first count after admission was the 
highest recorded (Fig. 4 illustrates a typical case) ; this includes twenty-two 
who had counts of less than 15,000 cells throughout the illness, seven of 
whom died. Two of these fatal cases had a leucopenia, and in one the count 
fell to 300 per c.mm. 

The leucocytosis was at first low in sixteen cases (31 per cent.), but later 
increased. These patients were all acutely ill and three died ; two of the 
latter had counts which rose to 19,000 and 24,000 respectively, while the 
third had a count of 51,000 when death occurred on the fifteenth day. 
Occasionally the improvement was remarkable, e.g., W. T., aged 27, had a 
leucocyte count of 9,000 on the fourth day which rose rapidly after the 
administration of serum, reaching 47,000 on the seventh day, when the crisis 
occurred. Only one case in this group had a complicated illness which 
might have accounted for the rising count. This was a boy aged 17 who 
had a severe toxic illness. The count on the fifth day was 8,000 and rose 
to 25,000 on the eighth day. On the twelfth day, when he developed a 
pneumothorax, the count was 15,000 and remained low, although he later 
showed signs of retention abscess. The increasing counts in this group, as in 
the comparable Type I group, seemed to indicate response to treatment. 


Type III Cases 


Seven cases were examined ; of these five died. The graph (Fig. 5) of the 
counts made in this small group shows that only a few exceeded 15,000, 
while the majority were well below this number, and leucopenia was 
relatively frequent. The counts of fatal cases are distributed fairly evenly 
among those of surviving cases. 

One of the five fatal cases was admitted on the second day of illness. 
The cells numbered 3,000, rose to 16,000 on the seventh day, but fell again 
before death on the ninth day. Two patients were admitted on the third 
day of illness. One maintained a feeble leucocytosis until death on the 
seventh day ; the other died on the day of admission, the count being 5,000. 
One patient, admitted on the sixth day of illness with a count of 6,000 cells, 
died on the same day. Another, admitted on the seventh day with a count 
of 25,000 cells, died on the following day. 

One of the patients who recovered had a count of 11,000 on admission on 
the third day of illness. He was seriously ill, and the count ran below 
10,000 cells, but he became convalescent on the eleventh day. The other 
patient who recovered was admitted on the fourth day of illness with a 
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count of 29,000 cells. The count fell steadily, but he was out of danger on 
the eighth day. In this case Group ‘ X’ organisms were isolated as well as 
Type III. 

The high mortality of this group of cases is associated with low counts, 
but a low count may be followed by recovery, and a high count by death. 
The unusually high counts occasionally observed in fatal Type I and Type II 
cases were not observed in this series of Type III cases. 


Group ‘ X’ Cases 


Thirty-one cases were examined, of whom two died. Fig. 6 shows a fairly 
even distribution of the counts above and below the 15,000 level. The 
counts made in the two fatal cases were mainly below 15,000 and included 
the lowest counts recorded. The highest counts all occurred in patients who 
recovered. 

In this group a high leucocytosis was observed in the majority of cases 
during the first two days of illness. By the third day most of the cases fell 
into one of two groups, some with ‘adequate’ counts who appeared to be 
doing well, and others with falling or ‘inadequate’ counts who were reacting 
less favourably. On the fifth day a small majority of all the cases examined 
had less than 15,000 cells, but nevertheless terminated favourably about the 
eighth day. After the eighth day the cases with high counts were generally 
still feverish. The two fatal cases had severe toxic symptoms; one had a 
leucopenia on the third day which persisted till death on the fifth day, 
while the other had a count of 9,000 on the third day, reaching 20,000 on 
the fifth day, but falling to 4,000 before death on the ninth day. 

The majority of the Group ‘X’ patients maintained a high leucocytosis 
during the acute illness, and several had a high count for many days there- 
after associated with delayed resolution. Nine cases with less than 15,000 
cells throughout the illness yet made good recoveries. Only two patients 
had leucopenia, one being the fatal case mentioned above, while the other 
recovered after a severe and protracted illness. 

Comment. In the sthenic type of pneumonia which is characteristic of 
Type I and most Group ‘ X’ cases, a leucocytosis rapidly follows the onset 
and may reach high figures within a few hours. The count is usually 
maximal by the second day and thereafter falls steadily parallel to, but a 
little later than, the fall in temperature. The asthenic illness associated 
with lower fever and indications of poor response to the infection is most 
frequent in Type II and occurs also in a small number of Group ‘ X’ cases. 
In these the early leucocyte response is usually poor, but the count increases 
on the third or fourth day, after which it falls in company with defervescence 
as in the sthenic group. In most Type III cases the leucocytosis is either 
very poor or absent. 

The division of Group ‘ X’ cases into two groups, which in their leucocytic 
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responses resemble Type I and Type II respectively, is of interest in view 
of the work of Winkler and his associates (3), who found that certain of the 
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Group ‘X’ strains which they examined had serological affinities with 
Type I or with Type II; their Type V being related to Type I and their 
Type VIII to Type II. 
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The Leucocytosis in Patients with Positive Blood Cultures as Related to the 
Age of the Patient 


In each case blood was taken for culture when the first counts were made, 
so that to some extent they indicate the leucocyte response in the presence 
or absence of bacteriaemia. The effect of increasing age in the presence of 
a positive blood culture is seen in Table I. The young Type I patients 
had moderately low counts, but all recovered. In the decade 30-40 the 
leucocytosis was invariably high, but the figures decreased in the higher 
age groups, becoming ‘inadequate’ in the fifth decade and associated with 
a high mortality. It is possible that in early life the counts are low because 
high numbers are not required, whereas in later life low figures are due to 
failure of the leucopoietic mechanism. 

In Type II cases low counts were again found at the lower end of the 
age scale. But while the young Type I cases had, as a rule, an acute but 
never dangerous illness, the young Type II cases were often seriously ill and 
had protracted convalescences. The initial counts were ‘inadequate’ in 
ten, and five of these died. The three Type III cases with positive cultures 
died. One had an ‘adequate’, and two had an ‘ inadequate ’, leucocytosis. 
The only case of Group ‘xX’ infection with bacteriaemia died with a 
leucocyte count of 9,000. 


TABLE I 
The Admission Counts in Cases with Positive Blood Cultures 


Type I Type II 








1,000 per cm. 1,000 per cm. 


Average Number Average 
number Died. of number of Died. 
of cells. cases. cells. 


3 17 8 
3 26 26 
11 35 11 
2 15 10 
4 12 11 


Number of 


Age. cases. 


The Leucocyte Count as a Prognostic Indication 


A study of the daily variation in the leucocyte count makes it clear that 
a single count is of little prognostic value unless the duration of the illness, 
the type of infecting organism, and the age of the patient are also taken 
into account. An estimation of the relation of leucocytes to mortality in 
463 untyped cases at the Rockefeller Institute gave the following figures (4) : 


Rockefeller Institute Cases 


Leucocytes. Cases. Mortality. 
% 

Under 10,000 29 65-5 

From 10-20 163 23-7 

» 20-30 177 18:0 

» 30-40 76 14-0 


{Q.3.M. New Series No. 17] 
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Although a few daily counts are given, it appears that the tabulated 
figures were collected from single counts done soon after admission. They 
suggest that the mortality is inversely proportionate to the leucocytosis, 
but, while this holds true when large numbers are considered together, it is 
too inaccurate to be useful as a guide to prognosis in the individual case. 

In this series the figure of 10,000, which is usually taken to be the lower 
limit of a ‘ leucocytosis’, was found to be too low (Table I). 


TABLE II 


Cases with Initial Counts under 10,000 and under 15,000 
Under 10,000 Under 15,000 


ee, = 
Type. Cases. Deaths. Cases. 


I 6 12 

II 16 23 
III 3 3 
Jt. Gi 5 9 
Totals 30 47 


Of the total 147 cases thirty failed to exceed 10,000 cells, and this number 
contained 33 per cent. of the total deaths. The forty-seven cases which had 
counts of 15,000 and under, included 62 per cent. of the total deaths. For 
this reason it has been found useful to regard a count of 15,000 or more as 
an ‘ adequate ’ leucocytosis during the acute illness. 

The remaining two Type I fatal cases had very high counts, 40,000 to 
50,000, while of the remaining three fatal Type II cases, one had over 50,000, 
and two had moderate curves reaching from 15,000 to 20,000. Of the 
remaining three Type III fatal cases, two reached only 16,000 and the third 
25,000. The other fatal Group ‘ X’ case had a curve just reaching 20,000. 

These figures agree with those of Naegeli (5), Meyer (6), and others who 
in untyped series found that a fatal issue in lobar pneumonia is usually 
associated with very low counts, but occasionally with exceptionally high 
counts. Bullowa (7), von Wyss (8), and their associates, on the other hand, 
found, in an extensive series, no relation between the leucocyte count and 
the outcome of the illness. Kugel and Rosenthal (9), suggest that the 
leucocyte count in pneumonia varies too much to be helpful in prognosis, 
and are of the opinion that more information is obtained from a study of 
the relative number of degenerate cells. Middleton and Gibson (12), from 
a study of the initial count in 160 cases, state that while on the whole, the 
absence of leucocytosis is unfavourable and a high total count reassuring, 
paradoxical results are sufficiently common to discourage dependence on 
their prognostic significance. This, however, is true only of single counts 
made without regard to the day of illness or the type of infection. The 
leucocyte count, to be of maximum prognostic value, should be made at 
least once daily during the acute illness. In a recent investigation Davies, 
Hodgson, and Whitby (13) reported on the leucocyte counts in an unspecified 
number of their Type I and Type II cases. They gave it as their opinion 
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that ‘a daily leucocyte count is very valuable for estimating general 
resistance and prognosis ’, and that ‘while initial high counts (20,000-30,000) 
are obtained in all cases that are likely to recover; a normal count or a 
leucopenia in the invasive phase of the pneumonic process is an ominous 
sign ’. 

The present series of cases suggests that such a division is too arbitrary 
to be of value. The day of illness (which varies greatly in relation to the 
day of admission), the age of the patient, and the type of infection are 
factors of the utmost importance in the prognostic value of the leucocyte 
count. 

Comment. While it is true that in the first three days of the illness a 
leucocytosis above 15,000 generally carries with it a good prognosis, the 
converse is true to a much lesser extent. For whereas only a small pro- 
portion of cases with ‘ adequate ’ counts prove fatal, a much larger proportion 
with ‘inadequate’ counts terminate favourably. A single count is of little 
value, a series of counts gives much more information; but all must be 
considered with reference to the type of infection, day of illness, and age of 
the patient. In the case of a Type I infection, a leucocytosis of less than 
15,000 cells is not of serious significance during the early days of the 
illness, unless the patient is over 40 years of age; the prognosis becomes 
more unfavourable with increasing age. If, after the third day, the disease 
is still active, as evidenced by rusty sputum and progressive consolidation, 
an ‘inadequate’ leucocytosis is now of more serious significance. With 
Type II pneumonia an ‘inadequate’ count in the first few days does not 
carry a serious prognosis in patients under 30 years of age, although the 
illness is likely to be severe and protracted, but from the fourth decade 
onwards an ‘ inadequate’ count is of grave significance. In young patients, 
when the count is ‘inadequate’ in the first few days, there still is the chance 
- of a satisfactory response. If by the third or fourth day the count is still 
‘inadequate’ there is much less probability of reaction, and the outlook is 
unfavourable. The diagnosis of Type III pneumonia carries with it a 
serious prognosis in the adult groups. Among younger patients the occur- 
rence of an ‘adequate’ leucocytosis would modify the grave outlook. 
Most of the Group ‘ X’ cases resemble Type I in having high early counts 
which indicate a favourable outcome. The occasional cases which have 
depressed counts on the third and fourth days have a correspondingly 
bad prognosis varying with the age of the patient. 


Value of the Leucocyte Count in Identifying the Type 


The curve obtained by averaging the daily counts of each type illus- 
trates to some extent the characteristic features of the leucocyte responses 
(Fig. 7). In the Type I series the count lies above 20,000 cells during the 
acute stages of the illness, but falls rapidly coincident with the defervescence 
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of the majority of the cases. After the fifth day, the curve rises sharply, 
due to the onset of complications, such as abscess and empyema, in the few 
who remain febrile. The Type II curve begins with low figures, rises, on 
the second or third days, and thereafter sinks below ‘adequate’ figures, 
although the majority of the cases remains febrile till the seventh jand 
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Fic. 7. The average leucocyte count in Type I, Type II, Type III, and Group ‘ X’ 
cases on each day of illness. 


eighth days. The Type III curve begins at a very low level, but from the 
fourth day onwards is raised by the few who survived. The Group ‘X’ 
cases have a high early average count which falls rapidly coincident with 
the early recovery of the majority. After the sixth day the sharp rise to 
a high level indicates the onset of complications in some of the remainder. 
Thus the similarity between the majority of the Group ‘ X’ and Type I 
cases is seen, not only in the ‘adequate’ early counts and the rapid fall 
about the fifth day, but also in the later elevations associated with com- 
plications. In a small series of typed cases, Clough (1917) obtained 
corresponding results; in nineteen Type I cases the average count was 
24,000 and in eight Type III cases was 11,000. 

To some extent these features will assist in an attempt to differentiate 
the types. Bearing in mind the influence of age, it is possible to make the 
generalization that an ‘inadequate’ count, or, still more, a leucopenia, 
occurring in the first forty-eight hours of a lobar pneumonia, makes a 
diagnosis of Type II probable. Conversely, a high count during the first 
forty-eight hours suggests that the infecting organism is a Type I pneumo- 
coccus or one of the associated Group ‘ X’ strains. 
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Conclusions 


1. During the first three days of the illness, a leucocytosis of over 
20,000 is characteristic of most cases of Type I lobar pneumonia, while a 
leucocytosis of less than 20,000 is usually found in Type II pneumonia. 

2. The leucocyte curve in most Group ‘X’ cases resembles that in 
Type I cases, while that in Type III cases resembles severe Type II cases 
with low counts. 

3. When the count is below 15,000 the prognosis, irrespective of type, 
varies with the age of the patient and the duration of the illness. 

4. A positive blood culture is associated with a depression of the leuco- 
cytosis, but the characteristic features of the curve are not altered in the 
various types. The depression is maximal in the higher age groups. 

5. The average daily counts in the various types occupy separate levels 
during the early days of the illness. This makes it possible to attempt the 
differentiation of Type II from Type I and the Group ‘ X’ strains. 

6. The leucocyte count is of prognostic value when the type of organism, 
the age of the patient, and the duration of illness are considered along 
with it. 


The cases were treated in the wards of Dr. John Cowan and Professor 
A. W. Harrington at the Royal Infirmary, Glasgow. I wish to express my 
indebtedness for their advice and criticism. 
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GARGOYLISM' 


(CHONDRO-OSTEO-DYSTROPHY, CORNEAL OPACITIES, HEPATO- 
SPLENOMEGALY, AND MENTAL DEFICIENCY) 


By R. W. B. ELLIS, W. SHELDON, anp N. B. CAPON 


(From the Hospital for Sick Children, Great Ormond Street ; the Children’s 
Department, King’s College Hospital ; and the Royal Liverpool 
Children’s Hospital) 


With Plates 7 to 11 


THE association of a peculiar type of osseous dystrophy, with congenital 
elouding of the cornea, enlargement of the liver and spleen, and mental 
deficiency, has been noted sufficiently often to justify its being regarded as 
a definite syndrome. At least ten cases, in addition to the seven which 
form the subject of this paper, have been reported; Helmholtz and 
Harrington mention two others recognized from photographs, and we have 
been told of four other cases which were almost certainly of the same type. 
Doubtless other cases than those referred to below will come to light in the 
earlier literature, since an exhaustive review is almost impossible on account 
of the great variety of titles under which cases may have been described. 

It is the purpose of this paper to record seven cases which we have 
observed personally, and to draw attention to the clinical features of the 
condition. We have chosen the name ‘Gargoylism’ to describe it, on 
account of the large head, grotesque, inhuman facies, and deformed limbs 
which suggest the appearance of gargoyles, and render the patients closely 
similar to one another and the condition easily recognizable. Since the 
aetiology is at present unknown, we feel that this colloquial description is 
preferable to a more cumbersome one based also on physical signs. 

Two patients, who are undoubtedly examples of this condition were reported 
by Hurler in 1919 (7). The first, a boy, was the fifth child of normal 
parents, and had 4 older and 4 younger brothers and sisters who appeared 
normal, whilst 2 siblings had died in early infancy. When examined at the 
age of 4? years, the boy’s appearance was that of a fat, disproportioned 
dwarf; the circumference of the head was 2} cm. above the normal, and 
the skull showed a central ridge or crest. The eyes were widely separated, 
and the heavy features at first suggested myxoedema. The eyebrows 
were coarse and bushy. He was mentally defective. The abdomen was so 


1 Received September 9, 1935. 
[Q@.J.M. New Series No. 17] 
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distended that palpation of the viscera was not possible, although the liver 
and spleen had been found enlarged. There was well-marked kyphosis, 
a ‘ funnel-breast’, and limitation of movement at the shoulder-joints. The 
corneae showed diffuse opacities, and a bluish grey arcus senilis was present. 
The brain of this child was subsequently examined by Tuthill, whose 
findings are referred to below. 

Hurler’s second case was a 23-months old boy, the only child of healthy 
parents, who at 4 weeks had developed umbilical and bilateral inguinal 
herniae. The child showed the typical facies, bushy eyebrows, depressed 
nasal bridge, large skull, kyphosis, distended abdomen, with the spleen 
palpable 4 cm. below the costal margin, and bilateral corneal opacities. 
The mental condition appeared below the normal, the child being completely 
unclean and not speaking intelligibly. These children were subsequently 
shown by Pfaundler at the Miinchener Gesellschaft (10). 

Jewesbury and Spence in 1921 (8) presented a case before the children’s 
Section of the Royal Society of Medicine under the title ‘ Acrocephaly with 
other Congenital Deformities’; the description corresponds closely to that 
of Hurler’s cases, though abdominal distension and visceral enlargement 
were not here noted. 

A fourth example was reported by Putnam and Pelkan (12), described as 
‘Scaphocephaly with Malformation of the Skeleton and other Tissues’. 
The authors drew attention to the similarity of this and Hurler’s cases, and 
to the fact that they did not fall into any recognized group. 

In reviewing the clinical and radiological features of a type of osseous 
dystrophy described by Morquio and others, Ruggles (13) mentioned that 
he had seen eight examples of the condition, of which three were in one 
family. This family consisted of seven children, of which the eldest, fourth, 
and seventh were affected. Two of these had cloudy corneae as well as the 
bony deformities, and were mentally defective. Although individual case 
reports are not given, there can be little doubt that these two patients were 
examples of the syndrome of Gargoylism, and the family history is par- 
ticularly interesting because it suggests that one sibling may show bone 
changes alone, whilst others manifest the complete syndrome. The parents 
of these children were unaffected and unrelated. 

In 1931, Helmholtz and Harrington (6) emphasized the occurrence of 
corneal opacities as an essential feature of the syndrome. Under the title 
‘A Syndrome characterized by Congenital Clouding of the Cornea and by 
other Anomalies ’, they reviewed the literature, and added four new cases. 
The first two of these were brother and sister. 

The more important features of the above cases are given in a table 
following our case reports; it has not been possible to include Ruggles’s cases 
in this, owing to the lack of individual particulars. 

Of our own series of cases, Case 4 was shown by Sheldon (‘A Form of 
Gigantism with Splanchnomegaly’) before the Children’s Section of the 
Royal Society of Medicine in 1934, and Case 2 by Poynton, Lightwood, and 
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Ellis before the Clinical Section (‘ Hepato-splenomegaly associated with 
Mental Deficiency and Bone Changes’) in the same year. Another case 
shown by Ellis at the same meeting, under the same title as the last, was 
thought probably to be a forme frustre of the syndrome, but is not included 
in our series as it lacks the corneal opacities. Case 3 was shown by 
Cockayne before the Children’s Section (‘ Hepato-splenomegaly associated 
with Mental Deficiency and Bone Changes’) in March 1935. 


Case Reports 


Case 1. H.W., female, aged 18 years. The parents were healthy and 
unrelated : no similar condition known in antecedents. The mother had 
one miscarriage (first pregnancy) ; an older girl, aged 21, was deaf following 
meningitis but otherwise well: a second child, a girl, died eleven years ago, 
aged 9, with a condition which the mother described as exactly like the 
present one, only more severe. The patient was the third child, and she 
had a younger sister aged 15, who was normal. 

The patient weighed 63 lb. at birth, and had been abnormal since infancy ; 
she cut her first tooth at 15 months and walked at 2} years. Her delay 
in physical development became more noticeable as she grew older. At 
the age of 18 she could speak a few words and obeyed simple requests ; 
she was clean as regards excreta and could feed herself. She had not 
menstruated. 


On examination: the patient showed extreme dwarfing, being only 363 in. 
tall (height of a normal child of 33), and weighing 37 lb. (weight of a normal girl 
of 43). The circumference of head was 20} in.; chest (at nipple level) 233 in. ; 
abdomen (umbilical level) 26 in. She had grotesque, heavy features, with 
ptosis of the upper eyelids and a projecting bony ridge above the brows, and 
the jaw was unusually prominent. The hair was fine, but the eyebrows 
sparse and coarse. There was a little pubic but no axillary hair, and the 
genitalia and breasts were undeveloped. Both corneae were cloudy, but 
there was perception of objects and light. The child had a well-marked 
lumbar kyphosis, and a fatty pad over the lumbar spine with an under- 
lying spina bifida. There was no limitation of extension of the elbows, 
shoulders, and phalangeal joints of both hands. The hands were extremely 
broad and the fingers were broad and short. The abdomen was protuberant, 
and there was an umbilical hernia; the right lobe of the liver extended 
a hand-breadth and the spleen two finger-breadths below the costal margin. 
The teeth were massive and irregular, there was an impacted left lower 
wisdom tooth. The nasal bridge was somewhat depressed, and there was 
a mucopurulent nasal discharge. 


Blood count (18.5.35): R.B.C. 4,200,000 per c.mm.; W.B.C. 8,200; Hgb. 
85 per cent.; polymorphs 61 per cent.; lymphocytes 37 per cent.; large 
mononuclears 2 per cent.. Wassermann reaction (18.5.35): negative. 


Radiographic examination (Dr. Shires). The skull was massive, with a 
well-marked supra-orbital ridge. The pituitary fossa was abnormally deep 
and wide. The frontal, maxillary, and ethmoid sinuses were small and 
poorly developed. The limbs showed poorly developed glenoid fossae, and 
acetabula. There was deformity of all the long bones, and coxa valga of 
both femora. The spine showed lumbar kyphosis, and deformity of the 











122 QUARTERLY JOURNAL OF MEDICINE 


bodies and spines of the lumbar vertebrae, particularly the second. All the 
long bones were extremely small for a patient of this age, and there was 
slight delay in the fusion of the epiphyses, most marked in the case of the 
radial epiphysis. 


Case 2. M. J., a girl aged 5 years, was the fourth child of healthy 
parents, who were unrelated. The mother’s Wassermann reaction was 
negative. Two other children, aged 17 and 13, were well; one other child 
died at the age of nine months with hydrocephalus. 

This child was born by breech delivery, weighing 7} lb. She had snuffles 
since birth, but no rash at any time. During her first three years she 
lived in British Guiana; she was thought to have been well until the age of 
2 years; she cut her first teeth at 10 months, and walked at 14 months. 
At two years of age she began to have recurrent feverish attacks, and six 
months later enlargement of the liver and spleen was noted by a doctor 
who examined her. When 3 years old, she was admitted to the Hospital 
for Sick Children, Great Ormond Street, under Dr. Poynton (September 
1932). 

At this time she weighed 31} lb., and the head measured 203 in. in circum- 
ference (normal 19 in.). The facies had the peculiarly grotesque appearance 
seen in the photograph (Fig. 3), with thick lips and eyelids, flattened nose, and 
heavy cheeks. The hair was dry and thin, and the skull showed well- 
marked frontal bossing, and some central ridging suggestive of oxyce- 
phaly. There was dorsal kyphosis. The teeth were widely spaced and 
showed defective calcification. Both corneae were hazy, the haziness being 
due to scattered opacities within the cornea, and thought by Mr. Penman 
to be of the nature of a congenital defect. The abdomen was protuberant, 
with eversion of the umbilicus. The liver was enlarged a hand-breadth 
and the spleen three finger-breadths below the costal margin. Both were 
firm and smooth. The child was mentally defective, but able to understand 
simple requests. She could stand alone, and walk unsteadily. 

The blood was examined for filariae and malarial parasites, and the stools 
for ova and parasites, with negative result. The Wassermann reaction was 
negative. 

Since that time there was little change in her general condition, except 
for an attack of pneumonia (in April 1935). She was still unable to talk in- 
telligibly, though she gabbled frequently and could repeat a few words. 
She was not dry or clean. 


Measurements. (May 1935, aged 5 years.) Length 39 in., weight 38 lb. ; 
circumference of the head was 21 in.; chest (nipple level, mid expansion) 
21 in.; abdomen (umbilical level) 22? in. Intermeatal measurement (over 
vertex) 145 in. Upper extremity (tip of middle finger to acromion) 14 in. ; 
lower extremity (anterior superior iliac spine to external malleolus) 19 in. 

The frontal veins became very distended, and lay in deep depressions in 
the skull. The posterior fontanelle was patent, and there was some separa- 
tion of the sutures. The hands were short and broad with early clubbing 
of the fingers, and there was limitation of full extension of the phalanges, 
and elbows. There was definite exophthalmos. 


Urine: nothing abnormal found. 


Blood count (12.3.34): R.B.C. 4,926,000; W.B.C. 7,300; Hgb. 90 per cent. ; 
C.I. 0-91 ; polymorphs 47 per cent. ; large lymphocytes 28 per cent.; small 
lymphocytes 17 per cent.; mononuclears 7 per cent. ; eosinophils 1 per cent. 
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Biochemical investigations (Dr. Payne) 1934: blood glycogen 22 mg. per 
cent. ; blood urea 23 mg. per cent.; blood cholesterol 212 mg. per cent. ; 
blood phosphorus 3-5 mg. per cent.; serum calcium 9-4 mg. per cent. ; 
plasma phosphatase 8-5 units; albumin 4-05 per cent.; globulin 1-59 per 
cent. ; fibrin 0-37 per cent. ; total protein 6-01 per cent. 

Van den Bergh reaction; direct and indirect, negative. Fragility of R.B.C.; 
complete haemolysis, 0-3 per cent. ; trace of haemolysis 0-42 per cent. saline. 

Laevulose tolerance test. 


per cent. 
Fasting blood-sugar ‘ . ; . 0-084 
} hour after laevulose . . , . 0-092 
> « & + , ; 0-110 
1} hours after laevulose ; , . 0-105 
"enema " . . O11] 


Radiological examination (Dr. Shires). Skull: tower-shaped with marked 
bossing and wide shallow sella turcica. There was thickening of the base. 
especially the left temporal bone. Right shoulder: poorly developed glenoid. 
Ribs: general expansion. Hips: poor development of acetabula, with coxa 
valga deformity. Wrist: expansion of radius, ulna, metacarpals, and 
phalanges. Delayed growth of ossific centres. Spine: the body of the 
second lumbar vertebra was flattened and wedge-shaped, with a hook-like 
projection anteriorly. 


Case 3. B. H., female, aged 4} years, was born at full term after a 
normal labour. The head was thought to have been large since earliest 
infancy, but the child appeared to develop normally until the age of 18 
months. She was able to walk with help, and to crawl and sit up alone 
(this being confirmed by photographs taken at 12 months). She could speak 
about a dozen words. 

In May 1932 (aged 18 months) she developed mastoiditis, and a double 
mastoidectomy was performed. Since that time, there had been extreme 
physical and mental deterioration. She had continuous otorrhoea, and 
a foul purulent nasal discharge. She had become unable to sit up alone, 
and could not speak any words intelligibly ; there was no attempt to control 
excreta. The patient was seen by a doctor in 1933, who found the Wasser- 
mann reaction positive, and treated the child with mercury and bismuth. 

In October 1934 the mastoidectomy scar broke down, and was drained. 
A fluctuating swelling again appeared the day before admission to hospital. 


Family history: both parents were well, and deny venereal disease. The 
Wassermann reaction of both was negative in 1934, and the mother’s again 
negative six months later. There was no consanguinity. The patient was an 
only child, and there had been no miscarriages or stillbirths. No similar 
condition known in either parent’s family. The patient was admitted to 
hospital under Mr. Lloyd (17.2.35); a swelling over the left mastoidectomy 
scar was incised, but no pus obtained. The child was transferred to 
Dr. Cockayne (4.3.35), and was shown at the Children’s Section of the Royal 
Society of Medicine in March 1935. 


On examination: a mentally defective child, unable to hold up her head, 
speak, or feed herself. The head appeared hydrocephalic, measuring 23 in. 
in circumference (normal 20 in.), and there was well-marked frontal bossing. 
The fontanelles were closed. The hair was thick and coarse, and the face 
had the same heavy cheeks, thick lips, and depressed nasal bridge seen in 
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Case (2). There was a profuse purulent nasal discharge. Both corneae 
were opaque ; examination by Mr. Penman showed diffuse corneal opacities 
(corneal dystrophy) consisting of ill-defined white areas scattered through 
the cornea, but mainly in the areas immediately behind Bowman’s mem- 
brane. There were fourteen teeth, imperfectly formed and widely spaced. 

There was limitation of abduction at the shoulder-joint and of extension 
at the elbow; the fingers and thumbs were very broad and flattened, par- 
ticularly the proximal phalanges. There was limitation of extension of the 
digits of both hands, of extension of the knees, and of dorsiflexion of the 
ankles. The spine showed well-marked kyphosis and scoliosis, and the lower 
ribs were everted. The musculature of the upper and lower extremities was 
poorly developed. The tonsils were unhealthy, and there was bilateral 
purulent aural discharge. No abnormality of the heart and lungs was 
detected. The abdomen was considerably distended, and there was an um- 
bilical hernia, but no ascites. The liver and spleen were enlarged three 
finger-breadths beiow the costal margin, and were firm and smooth on palpa- 
tion. The disks could not be examined owing to the opacity of the cornea, 
but there appeared to be slight perception of light and the pupils reacted 
feebly. 


Measurements: Length 38 in. Intermeatal measure of skull (over vertex) 
15} in.; acromion to radial styloid 10} in.; anterior superior iliac spine to 
internal malleolus 17 in.; circumference of chest at nipple level 20} in.; 
abdominal girth at umbilical level 23 in. 


Wassermann reaction (26.2.34): negative in blood and C.8.F. Kahn: posi- 
tive in blood. C.S.F.: no cells seen. Urine: nothing abnormal found. 

Biochemical examination (Dr. Payne): adrenalin test (5 min. adrenalin 
injected). Fasting blood-sugar before adrenalin 0-107 per cent. 


per cent. 
B.S. 4 hour after adrenalin . : ; 5 . 0:125 
a 5 : : ; : - 0-160 
. See es te’ “ate Og “al 
wr" - PS : . . , . 0-187 
Dextrose tolerance test (18 grm. dextrose). 
per cent. 
Fasting ; ; ‘ j ‘ , ‘ . 0-121 
} hour after dextrose . ; : : ; . 0-144 
oe 3 ~~. % : ; : : . 0-147 
1} hours after dextrose ; ‘ ‘ . 0-164 
Sw ‘“ ~ : . . . . . 0-165 
o. -a - - : . . ‘ , . 0-127 


Urine passed at three hours contained a trace of sugar but no acetone. 
Serum calcium 9-1 mg. per cent. ; blood urea 25 mg. per cent. ; blood cholesterol 
175 mg. per cent.; whole blood glycogen 11-5 mg. per cent. 

Van den Bergh reaction ; direct, negative ; indirect, trace of bilirubin. 

Fragility of R.B.C.: complete haemolysis in 0-33 per cent. saline, trace in 
0-45 per cent. saline. 

Radiological examination (Dr. Shires). Skull: large cranial vault, the bones 
being of normal thickness and the sutures normal. The sella turcica was 
wide and deep. LHzxtremities: the shoulder- and hip-joints were poorly de- 
veloped, especially the glenoid fossae and acetabula. The upper limbs were 











GARGOYLISM 125 


short and stunted with large diaphyses, and deformity of the lower ends of 
the ulnae. The metacarpals and phalanges were abnormally broad, the 
forearms and hands being similar to those of an achondroplasic. The lower 
limbs appeared decalcified, but apart from the hip-joints were not deformed. 
Ribs: wide expansion distally, with narrow neck. Spine: scoliosis and 
kyphosis with marked deformity of vertebral bodies. This was most 
obvious in the lumbar region, the lower part of the body of the third 
lumbar vertebra projecting forward (appearance probably exaggerated in 
lateral view owing to scoliosis). 


Case 4. The patient, G. L., was first seen at King’s College Hospital in 
November 1933 when he was 3 years of age. 


Family history: was the last of a family of five. There had been no mis- 
carriages. The first three children weighed 10 lb. at birth, the fourth 
weighed 94 lb., and the patient at birth weighed 11 lb. The first child died 
when 5 days old ; the other surviving children were said to be healthy. 


Past history: when the patient was 15 months old he was noticed to be 
unable to support himself, and he was X-rayed at the Edinburgh Hospital 
for Sick Children. He was reported by his parents to have ‘a lump in the 
middle of his spine’. He was put on a spinal frame, on which he lay until 
3 years of age, when he was brought to London. 

He cut his first tooth at 7 months, and was able to say a few words at 1 
year, but had made no progress with talking since then. There had been no 
history of vomiting, or of anything to suggest headaches. His eyes were said 
to have been ‘ always very hazy’. 


Condition on examination in November 1933: the striking feature was the 
coarse facial appearance. The whole head was large, and the bones gave 
the appearance of being thickened. The eyes were wide apart, the bridge of 
the nose was broad, and the whole face was so broad that the teeth were 
widely spaced apart. There was bossing of the temporal bones above each 
ear. The supra-orbital ridges were well marked, the eyebrows were thick, 
and the hair of the scalp was remarkably dry and coarse, quite unlike the 
normal hair at this age. 


Skeleton: the patient was big for his age, his total length being 374 in. 
The skull was large, its maximum circumference being 21 in. (normal 19 in.), 
and the measurement over the vertex from one external auditory meatus to 
the other was 14} in. (normal 12 in.). The pituitary fossa was unusually 
large, but did not appear to be deepened, and there was no erosion of the 
clinoid processes. 

The arms gave the impression of being short and thick. The measure- 
ment from the acromion to the styloid process of the radius was 10} in. 
X-ray examination showed the long bones of the arms to be broad and 
massive, and the head of the humerus was set at more nearly a right angle 
to the shaft than normal. The phalangeal bones were broader than normal, 
but were poorly calcified. There was some limitation of both flexion and 
extension at the elbow. 

The legs were thin, probably because the boy had lain for so long on his 
back, but otherwise the contour appeared normal. The big toes were rela- 
tively large. X-ray examination showed bilateral coxa valga, but otherwise 
the outline of the leg bones was normal. There was no limitation of the 
movements of the joints of the lower limbs. The measurement from the 
anterior superior spine of the ilium to the internal malleolus was 14 in. 


poe: vant 
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When the boy sat up the spine showed marked kyphosis in the lumbar 
region, and there was also a slight degree of scoliosis. Lateral X-ray 
examination showed a remarkable condition of the second lumbar vertebra. 
The upper and anterior quarter of the body appeared to be absent, while 
the lower and anterior quarter was somewhat hook-shaped. The vertebra 
had been squeezed backwards by those above and below, and accounted for 
the kyphosis. 


Teeth: the teeth, in addition to being spaced far apart, were poorly 
formed, and had undergone extensive caries. 


Eyes : the eyes were big, and both corneae were opaque, resembling at first 
sight syphilitic keratitis. The following note on the eyes had been kindly 
made by Mr. Savin, F.R.C.S.: ‘The pupils react to light and accommoda- 
tion. The anterior chamber is deep, rather like buphthalmos: the tension 
is normal. The corneae measure 14 mm. in diameter as opposed to the 
normal 11-6 mm. The corneal epithelium stains diffusely with fluorescin, 
and is irregular, showing an epithelial dystrophy. Owing to this I was 
unable to see the fundus.’ 


Hair: the scalp hair was thick, coarse and dry, and the same was true of 
the eyebrows. There was no hair in the axillae or on the pubes. 


Liver and spleen: the spleen was considerably enlarged, extending three 
finger-breadths below the costal margin. The organ was firm, not tender, 
and had a smooth surface. The liver was also enlarged, extending below 
the costal margin to the same level as the spleen, and the right lobe had a 
tongue stretching downwards nearly to the crest of the ilium. The surface 
of the liver was smooth. The kidneys could not be felt. The right testicle 
was in the scrotum, but the left could not be felt. 


Other systems: The heart, lungs, urine, and nerve reflexes were normal. 
There was a persistent and copious purulent discharge from the nose. The 
tonsils and adenoids were small and the maxillary antra were clear. 


Mentality: the boy was very backward, but his mental deficiency was of 
an amiable type. He was bright enough to play with toys, and made 
crooning noises to himself, but he could not sit up or talk. He was able to 
see, and if he wanted anything he would gesticulate energetically until he 
got it. He had not learned control of his sphincters. 


Investigations : the Wassermann reaction of both patient and mother was 
negative. : 

Blood count: R.B.C. 6,100,000; Hb. 94 per cent.; W.B.C. 9,400; poly- 
morphs 36 per cent.; lymphocytes 62 per cent. Blood calcium: 10 mg. 
per c.c. Blood phosphorus: 4 mg. per 100 c.c. Plasma phosphatase 0-56 
units (normal). 


Creatinine and creatine output in twenty-four hours : 


Specimen of Urine. 


Volume of Urine. Creatinine. Creatine. 


Patient . ; ; 125 c.c. 50 mg. 36 mg. 
Control child 
of same age . ' 346 c.c. 140 mg. 110 mg. 


The creatinine/creatine ratios were practically the same in both children. 
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Progress: the boy has been observed from November 1933 until August 
1934. During this time he has had an attack of scarlet fever, otherwise his 
condition has remained unaltered. There was no sign of improvement in 
his mentality, the skeletal deformities were unchanged, the corneae remained 
opaque, the liver and spleen were stationary, and the nasal discharge per- 
sisted. The boy was then 5 years of age, and was unable to walk or talk, 
and had not acquired cleanly habits. 


Case 5. L. W., male, aged 8 months when first seen on November 20, 
1930. He was born normally at full term and was breast fed. An opera- 
tion for right inguinal hernia was performed on June 19, 1930. 

Both parents appeared healthy, and the mother’s Wassermann reaction 
was negative. They had had 8 children, of whom 3 had died with con- 
vulsions, and 5 were living, the other 4 being quite healthy. 

On examination (November 1930): a small flabby child, making no at- 
tempt to stand, with angular kyphosis in the lower dorsal region of the spine. 
The head was large and square, with widely open fontanelle. The child 
had severe rhinitis, and some bronchitis. There were no teeth; the tonsils 
were not enlarged. Both corneae had a hazy appearance like ground glass. 
The spleen was enlarged. 

The Wassermann reaction was negative (27.1.31, and 16.7.31). X-ray of 
spine (Dr. Mather) showed deformity of first lumbar vertebra, with kyphosis 
in this region. The child was sent to the Royal Liverpool Babies’ Hospital 
where he seemed to improve in general health. By March 1931, he was 
trying to stand, and by June of the same year he was able to say single 
words. His rhinitis and bronchitis recurred from time to time. (It has 
not been possible to trace this patient subsequently.) 


Case 6. F. G., a male, first seen on May 6, 1932 at Manchester Babies’ 
Hospital by kind permission of Dr. Catherine Chisholm. The infant was 
then 11 months old, and was an only child. He had weighed 11 Ib. and 
was said to have ‘breathed heavily’ at birth; the feet received treat- 
ment ‘ because they were turned’. Bilateral inguinal herniae were noted at 
2 months. The infant was said to have sat up with support at 6 months. 
He was breast fed for 2 months, and then on cow’s milk and water. He was 
admitted to the Babies’ Hospital because he was unable to sit up alone, 
showed no signs of attempting to stand, had no teeth, and was sweating 
severely, day and night. 


On examination: A heavy-featured child, weighing 16 lb. 2 oz., with open 
mouth, no teeth, rough tongue, and high, narrow dental arch. The facies 
appeared somewhat cretinoid. The child had snuffles, with right-sided 
nasal discharge, enlarged tonsils, cough, and bilateral blepharitis. He was 
unable to sit up without support. The corneae had a ground-glass appear- 
ance. Dr. Stopford reported: ‘The epithelial layer of the corneae was quite 
clear, and the deeper layers hazy. The fundus was seen indistinctly ; there 
was no pallor of the disk. The eye movements were good, and the pupil 
and corneal reflexes normal. There was mild conjunctivitis.’ 

The head was rather brachycephalic, measuring 10 cm. (bifrontal), 
12-5 cm. (biparietal), and 15 cm. antero-posteriorly (bridge of nose to occiput). 
The anterior fontanelle measured 25 x 1} in. 

There was angular kyphosis (but no scoliosis) in the lumbar region, which 
could be almost rectified by extension. There were no joint deformities 
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except residue of bilateral talipes equinovarus. There was no wrist enlarge- 
ment, and practically no rosary. The chest was small, and there was 
evidence of bronchitis. The abdomen was prominent, and the liver enlarged ; 
the spleen was not felt. 

Blood calcium 7-69 mg. per cent.; blood phosphorus 4:53 mg. per cent. ; 
blood Wassermann reaction negative. 


Urine: Trace of albumin, and much acetone. Subsequently, much albu- 
min, no acetone. 


Von Pirquet test (human and bovine) : negative. 


X-ray (Dr. N. Walker). Spine: Wedge-shaped deformity of body of second 
lumbar vertebra. Wrist: Atrophic bone changes, but no evidence of active 
rickets. 


The child remained in miserable condition, with considerable nasal 
discharge (examination negative for diphtheria bacillus). The left ear 
began to discharge, and some enlarged and tender cervical glands appeared. 
Shortly afterwards, an inflamed area developed in front of the right ear, 
with pyrexia, tachycardia, and tachypnoea. 4.6.32. The child quickly died, 
but a post-mortem examination was not allowed. 


Case 7. R.M., male (kindly referred by Dr. T. Jones of Amlwch, Anglesey), 
aged 15 months, was the only child of healthy parents. He weighed nearly 
5 lb. at birth, and was fed on ‘Cow and Gate’. His head was noticed to 
be large at birth, and he is said to have had rickets at 2 months. He was 
seen June 1, 1934, on account of making no attempt to stand or sit. The 
mother thought the child had improved during the previous month, because 
he had begun to move from one side to the other in bed. His appetite 
was good, and he had been on a normal diet ; the bowels were regular. 


On examination: A fretful, feeble child, but with good colour and nutrition. 
The musculature was poor. The child lay on his back all the time; he 
could remain sitting, but could not stand alone. The features were heavy, 
with big mouth and thick lips; the nose was flattened and negroid, and 
there was well-marked depression of the bridge. Rhinitis and blepharitis 
were present. The head was hydrocephalic and brachycephalic, with a 
measurement of 9 in. from right to left parietal eminence. The measure- 
ment from the root of nose to occiput was 11 in. The anterior fontanelle 
was 2 in. in diameter. The.ears were symmetrical with large ugly lobules. 
There were seven teeth present. Examination of the heart, lungs, and 
abdomen was negative. There was some splaying out of the lower ribs. 
The limbs were rather thin; there was no enlargement of epiphyses. There 
was marked kyphosis, which could not be corrected, in the lumbar region. 


Dr. Stevenson’s report on eyes. ‘The corneae are certainly hazy; the 
haziness may be congenital. There are no gross lesions of the fundi. The 
disks are a good colour, and the media, except the corneae, are clear.’ 


Radiological reports (Dr. Mather). Skull: unusually large; anterior fon- 
tanelle very large. Hips: coxa valga. Wrist and legs: no definite ab- 
normality shown. The metacarpals and phalanges were possibly a little 
atrophic. Spine: deformities of bodies of first, second, and third lumbar 
vertebrae, especially the second. 

This child was re-examined in June 1935 at the age of 2 years and 
3 months. He was found to be physically and mentally backward; he 
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talked with difficulty and had not yet begun to walk. The skull was 
hydrocephalic (circumference 213 inches), with a widely open anterior fon- 
tanelle. The features were coarse and heavy, with thick lips, wide nose, a 
very small nasal bridge and much nasal discharge; breathing was dyspnoeic 
and snuffling, and the voice was hoarse. The spinal deformity had increased, 
and the liver was found to be enlarged 3 inches below the subcostal margin. 
The spleen was not palpable. The mother’s Wassermann reaction was tested 
and was found to be negative. 


Analysis of Syndrome 


1. Bone changes. When the bone changes have been most generalized, 
they have resembled those seen in the condition described by Thursfield (15), 
Brailsford (1, 2, 3), Morquio (9), and a number of subsequent authors, to 
which the names chondro-osteo-dystrophy, osteochondropathia multiplex, 
and Morquio’s disease have been applied. Ruggles’s cases suggest that the 
association between gargoylism and Morquio’s disease is a close one, but it is 
not clear that the bone changes in the two conditions are identical. Brails- 
ford’s full analysis (3) of the radiological appearances in his own case has 
been used for comparison, though it is realized that considerable variation 
may occur between individual cases ; the term Morquio’s disease is employed 
for clarity, as it is sanctioned by use though not by priority of description. 

Skull: while in Morquio’s disease the skull is little affected, in gargoylism 
a variety of cranial malformations occur. Several of the patients have 
shown some degree of hydrocephalus; and scaphocephaly, acrocephaly, oxy- 
cephaly, and brachycephaly have also been noted. Of these, scaphocephaly, 
due to extreme prominence of the frontal region, has been described most 
frequently. Other less well-defined abnormalities have also been found. Thus 
Case 1 and Case 4 showed extreme prominence of the supra-orbital ridge 
(see Figs. 2 and 6), and Case 4 a lateral bossing of the temporal bones in 
addition. Bony ridges at the site of the cranial sutures or margins of the 
anterior fontanelle have several times been noted, and in Case 2 the bone 
appeared to have become heaped up around the distended frontal veins, 
leaving these lying in bony canals. One of Hurler’s cases showed exostoses 
at the base of the skull (Tuthill, 16). In the youngest patients, the anterior 
fontanelle has been found widely patent. 

A peculiar feature which was present in four of our cases which were 
specially examined, and also in Jewesbury and Spence’s case and Helmholtz 
and Harrington’s third case, was the radiological appearance of the sella 
turcica. This was very much elongated, being nearly twice the normal size, 
but there was no evidence of erosion of bone in its immediate neighbourhood. 
In Jewesbury and Spence’s case the anterior clinoid process lay horizontally 
backward. This increase in length of the sella was seen in cases with and 
without hydrocephalus, and suggests a malformation of the sphenoid rather 
than either an abnormality of the pituitary or an increase of intracranial 


pressure. This is borne out by the peculiar facies, which in some instances 
[Q.J.M. New Series No. 17] K 
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suggests hypertelorism, and by the extreme depression of the bridge of the 
nose. Similarly, Tuthill noticed in his post-mortem examination ‘ bowl for- 
mation of the sphenoid or lamina cribrosa ’, but no macroscopic abnormality 
of the pituitary. The mandible may be very much more massive and pro- 
minent than normal, adding to the grotesque appearance of the face. 

Vertebrae. In almost every instance kyphosis in the lumbar or dorsi-lumbar 
region has been noted, usually unassociated with scoliosis. Radiological 
examination shows it to be due to a peculiar deformity of the vertebral 
bodies, which are irregular, flattened, or wedge-shaped in outline, and may 
be considerably reduced in size. The twelfth dorsal or first or second lumbar 
vertebra is most affected, and in this region one or more of the vertebral 
bodies has an anterior hook-like process. We have had the opportunity of 
comparing the X-rays of four of our patients with those of three typical 
cases of Morquio’s disease, and there appear to be minor differences between 
the two types. Thus the anterior process in the Morquio type is more 
tongue-shaped and directed forward, whereas in the cases of gargoylism it 
tends to be definitely hook-shaped. There is also considerably more irregu- 
larity in outline and internal structure of the vertebral bodies in the Morquio 
type, though the alignment and spacing is irregular in both. Obviously, 
however, too much emphasis cannot be placed on minor differences unless 
these are found constant in a large number of cases, and at first sight one 
would be struck by the similarity rather than dissimilarity of the two 
types. 

Thorax. The anterior extremities of the ribs are considerably expanded 
in gargoylism, and there is some flaring of the lower ribs. This latter is 
probably due to the extreme abdominal distension. The gross pigeon-breast 
deformity often seen in the Morquio type was not present in any of the 
cases of gargoylism, although ‘Trichterbrust’ was noted in Hurler’s first 
case. 

Limbs. Clinically the outstanding feature is the limitation of movement 
(principally extension) which is found at the shoulders, elbows, and finger 
joints ; the last are most constantly affected, and almost invariably show 
some degree of claw-hand. In addition, the ring and little fingers may be 
incurved. The whole of the upper extremity is usually shorter and thicker 
than the normal, the deformity again being most apparent in the hands. 
The lower extremities are less affected, though there may be limitation of 
extension at the knees and some degree of genu valgum (or varum) and coxa 
valga deformity. We have not observed the degree of swelling around the 
joints frequently described in Morquio’s disease, nor do the X-rays show the 
same irregularity of the joint spaces and articulating surfaces. Radiological 
examination shows considerable variation in different cases. Typically, the 
glenoid fossae and acetabula are poorly formed, and the heads of the humeri 
and femora are flattened, irregular, or ‘corner shaped’. The metacarpal 
bones and phalanges are shorter and broader than normal, and may be 
extremely irregular (Case 1); the long bones tend to show the same type of 
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deformity, with irregularity of outline. Coxa valga is well seen in several 
instances. 

Clavicles. These may be broader than normal, but do not show any 
characteristic deformity. 

Ossification. In Case 1, a girl of 18 years, who was the size and weight of 
a child of 3 to 5 years, fusion of the epiphysis was delayed, though not to the 
same extreme degree as her statural development. Delayed appearance of 
the ossific centres has been noted in other cases. 

Dentition. In most instances dentition was considerably delayed. The 
teeth tend to be irregularly placed and wide apart. 

2. Corneal opacities. These appear to be in the nature of a diffuse dys- 
trophy of the cornea, consisting of multiple opacities scattered throughout 
the cornea, but situated principally in the deeper layers. Their nature is 
at present entirely obscure. There is no indication that they bear any re- 
lationship to vitamin A deficiency, and syphilis has been excluded in all except 
one of the cases. Helmholtz and Harrington considered congenital clouding 
of the cornea to be the most striking feature of the syndrome, but in their 
discussion of its aetiology found no adequate explanation for its occurrence. 

3. Abdomen. Enlargement of the liver and spleen, or of one organ alone, 
has been described in the majority of cases, and is associated with a degree 
of abdominal distension which is disproportionate to the size of the organs 
and is usually accompanied by umbilical or inguinal herniae. Both liver 
and spleen are firm, non-tender, and smooth, and there is no evidence of 
collateral circulation or ascites. In Case 2 (M. J.) an attempt to obtain 
tissue for microscopy by splenic puncture was unsuccessful; the spleen did 
not, however, feel abnormally hard. The nature of the visceral enlargement 
is of considerable interest, in view of the possible metabolic nature of the 
whole syndrome (see below). Unfortunately it has not been possible to 
obtain any material for examination by biopsy or autopsy. Tuthill, who gives 
a brief summary of the naked-eye appearances of the abdominal organs at 
the post-mortem examination of Hurler’s first case, reported ‘ congestion 
of the liver and spleen’, but made no microscopical examination. 

4. Mentality. All the patients who have come under our observation 
have been mentally defective, the most intelligent probably being Case 1, 
the girl of 18, who can speak a few words and understand simple requests, 
and is clean as regards excreta. It seems probable, in some cases at least, 
that the mental state has regressed since the latter part of the first or second 
year. This is particularly well seen in photographs of Case 3 (B. H.), who, 
at a year old, was sitting up and feeding herself, but is now unable to raise 
her head and requires every nursing attention. Temporary benefit has been 
described in one case following the administration of thyroid (Helmholtz and 
Harrington, 6), but the mentality and behaviour does not in general suggest 
hypothyroidism, and in at least three cases thyroid administration has been 
valueless. The children are usually amiable, and while making little attempt 
to talk, may appear to understand a limited amount. 
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5. Other features. The musculature is poorly developed, the weakness of 
the abdominal muscles resulting in abdominal distension complicated by the 
presence of umbilical or inguinal herniae. The hair on the head is usually 
fine and silky, although in Case 4—a boy—it was noticeably coarse and 
stubbly ; the eyebrows are distinctly coarse and bushy. Hypertrichosis 
elsewhere has been noted by Hurler and by Putnam and Pelkan. 

Profuse, purulent nasal discharge is a frequent finding, presumably related 
to the depression of the bridge of the nose. The eyes may be prominent 
and widely separated, and the ears are frequently set low on the head. 

The biochemical investigations that have been undertaken have shown little 
abnormality except possibly some defect of liver function as evidenced by 
slightly abnormal laevulose tolerance test (Case 2); there was also a high 
blood-glycogen (Case 2). In Case 3, both these investigations gave normal 
results. The blood cholesterol was raised (212 mg.) in Case 2, though within 
normal limits (175 mg.) in Case 3. 

Creatinine and creatine excretion was investigated in Case 4, but showed 
no appreciable difference from that of a normal control. Estimations of 
serum calcium, blood phosphorus, and phosphatase have shown no signi- 
ficant or constant abnormalities. 


Differential Diagnosis 


Congenital syphilis is the condition most likely to be called to mind by 
Gargoylism, owing to the protean nature of the symptoms, but the bone 
changes in the two conditions bear no similarity. In all except one of our 
cases it was possible to exclude syphilis; in Case 3, there was a previous 
history of a positive Wassermann reaction, but the infection appeared to be 
coincidental and not causative. 

Cretinism may be suggested by the dull expression, heavy features, 
prominent abdomen, and umbilical hernia; but here again the facies and 
bone changes are not really those of cretinism, the clouding of the corneae 
will be an unexplained feature, and the response to thyroid therapy is 
temporary and minimal. In one of our cases, the facies suggested infantile 
acromegaly, and the large size of the pituitary fossa was thought to confirm 
that view. The influence of the pituitary in the production of the 
syndrome certainly cannot be excluded, though the appearance of the sella 
turcica is not that usually seen in cases of pituitary tumour. 


Course and Prognosis 


Too few cases have as yet been followed for any length of time to speak 
with confidence as to the course and prognosis, though the history of Case 1 
shows that the condition is not necessarily fatal in childhood. Hurler’s first 
case died at the age of 7 with osseous and cerebral tuberculosis ; a sister of 
Case 1 died in a mental hospital at the age of 9, and Case 6 died at 1 year 
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with a secondary infection. The deformity of the nasopharynx and the 
purulent nasal discharge which is seen in most instances would seem to 
render these children particularly liable to infections of the respiratory 
tract. 

The extreme degree of statural, mental, and sexual infantilism shown by 
Case I is of particular interest ; the patient’s mental and physical develop- 
ment appear to have been arrested at approximately the same level, her 
general behaviour and responses being not unlike those of a child of three 
or four. In general, the condition appears to become worse rather than to 
improve, though it may remain practically unchanged for long periods. 


Aetiology 


Sex and inheritance. The condition affects both sexes. Of the previously 
published cases, 4 were boys and 4 were girls, and in the present series, 
4 were boys and 3 were girls. In every case the parents have been healthy, 
and in the five instances where this has been specifically noted, unrelated. 
The possibility of a familial incidence of the condition is shown by its occur- 
rence in the 2 siblings in Ruggles’s family, in a brother and sister (Helm- 
holtz and Harrington), and in sisters (Case I). (Although the elder sister of 
Case 1 was not personally observed by us, the mother’s description leaves 
little doubt as to the condition being the same in both children.) Drs. Sum- 
merfeldt and Ross have also told us of their observation of the condition in 
a pair of siblings at the Hospital for Sick Children, Toronto. 

There is no established example of the condition occurring in antecedents 
or collaterals, although there is a suggestive history of deformities on the 
mother’s side in Helmholtz and Harrington’s first two cases, and the child 


of a paternal uncle of Jewesbury and Spence’s case, who died in infancy, is 


said to have had claw hands and to have resembled the patient. 


Discussion 


The condition is almost certainly congenital and may be familial. Since 
epi-, meso-, and hypoblastic structures are affected, it is possible that the 
condition may be metabolic in origin. The pathological findings of Tuthill, 
who studied the brain of Hurler’s first case (which he regarded as an 
example of juvenile amaurotic idiocy) are of considerable interest in this 
respect. Macroscopically, there was oedema of the brain and internal 
hydrocephalus, with atrophy of the temporal lobes and tubercles present in 
the frontal and parietal lobes. On microscopic examination, the optic 
nerves were demyelinated with ‘a heavy mantle of fat granule cells’; the 
brain showed lipoid-containing cells sparsely scattered throughout the white 
substance, and generalized thinning of the myelin sheaths. In a few areas, 
corresponding with extensive demyelinization, typical fat granule cells were 
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present. The author discusses at length the possible relationship of juvenile 
amaurotic idiocy to Niemann-Pick’s disease, in which both visceral and 
cerebral manifestations occur. In Niemann-Pick’s disease, the primary 
disturbance was one of lipoid metabolism, and it is possible that in Gargoylism 
we have a comparable condition in which not only the viscera and cerebral 
tissues, but the development of the osseous system also have become affected. 
In the absence of further pathological study, however, the metabolic origin 
of the condition must remain entirely a matter of speculation, and one 
cannot justifiably interpret Tuthill’s findings (particularly in view of the 
complicating factor of tuberculosis) as evidence of any general disturbance 
of lipoid metabolism. 

The occurrence of extreme infantilism in Case 1, and the somewhat 
acromegalic appearance of these children has already been referred to. It 
is at least possible that the pituitary is secondarily involved, giving rise 
to symptoms of hyper- and hypo-pituitarism at different stages of the 
disease. 


Summary 


1. Attention is drawn to a syndrome characterized by bone changes, 
a peculiar facies, congenital clouding of the corneae, abdominal distension 
with enlargement of the liver and spleen, and mental deficiency. The name 
Gargoylism is suggested for the syndrome. 

2. Ten cases are reviewed from the literature, and seven cases personally 
observed are reported. 

3. Of the bone changes, the most constant appears to be dorso-lumbar 
kyphosis, due to deformity of the vertebral bodies. A variety of cranial 
deformities (hydrocephalus, scaphocephaly, acrocephaly, oxycephaly, &c.) 
have been described, and the pituitary fossa has in several instances been 
found to be considerably enlarged. The majority of cases have shown 
limitation of extension of the finger-joints, knees, elbows, or shoulders. 


We should like to acknowledge our thanks to Dr. Poynton for permission 
to include Case 2; also to Dr. Cockayne for bringing Case 1 to our notice, 
and for his interest and help in the preparation of this paper. 
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The following tables summarize the principal features of the authors’ cases, and of those 
previously reported. 


Case. 


1 (H. W.) 


2 (M. J.) 


3 (B. H.) 


4(G. L.) 


5 (L. W.) 


6 (F. C.) 


7 (R. M.) 


Age 
examined. 


18 yrs. 


4} yrs. 


4} yrs. 


3} yrs. 


8 mths. 


11 mths. 


13; yrs. 


Sex. 


F. 


Family history. 


Parents normal and 

unrelated. 1 mis- 
carriage; 1 older 
sister similarly af- 
fected (died); 1 
older sister deaf; 
1 younger sister 
normal. 


Parents normal and 
unrelated. Only 
child. 


Parents unrelated. 
?Parental lues. 
Only child. 


Parents normal and 
unrelated; 4 older 
children, 1 of whom 
died aged 5 days; 
others healthy. 


Parents healthy; 8 

children, 3 of whom 
died with convul- 
sion; 4 healthy. 


Only child. 


Only child. 


TABLE I. 


Bone changes. 





Skull. 


Large jaw and 
supra-orbital 
ridge. 


Hydrocephalic 
and oxycephalic. 


Hydrocephalic. 


Hydrocephalic. 


Largeand square; 
wide fontanelle. 


Brachycephalic. 
Wide fontanelle. 


Hydrocephalic 
and  brachy- 
cephalic. Wide 
fontanelle. 


Sella 
turcica. 


Large and 
shallow. 


Large and 
shallow. 


Large and 
shallow. 


Large and 
shallow. 


Not 


examined. 


Not 


examined. 


Within 
normal 
limits. 


Spine. 


Kyphosis; de. 
formity of lum. 
bar vertebrae, 
Spina bifida oc. 
culta. 


Kyphosis; de. 
formity of lum. 
bar vertebrae. 


Kyphosis and 
scoliosis; de. 
formity of lum. 
bar vertebrae, 


Kyphosis; de. 
formity of lum. 
bar vertebrae. 


Kyphosis; de- 
formity of first 
lumbar vertebra. 


Kyphosis; de- 
formityof second 
lumbar vertebra. 


Kyphosis; de- 
formity of L. 1, 
2 and 3 (especi- 
ally L. 2). 
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Ls 1, 
speci- 





Authors’ Cases. 


LL AAA, 


Limbs. 


Coxa valga; genu val- 
gum. Limitation of 
extension of joints. 


Genu valgum. Limita- 
tion of extension of 
joints. 


Limitation of exten- 
sion of joints. 


Limitation of exten- 
sion of joints. 


Not examined radio- 
logically. 


Wrist—atrophic bone 
changes. 


Coxa valga. Metacar- 
pals and phalanges 
atrophic. 


Corneae. 


Cloudy. 


Cloudy. 


Cloudy. 


Cloudy. 


Cloudy. 


Cloudy. 


Cloudy. 


Liver. 


Enlarged. 


Enlarged. 


Enlarged. 


Enlarged. 


Not 


enlarged. 


Enlarged. 


Enlarged. 
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Spleen. 


Enlarged. 


Enlarged. 


Enlarged. 


Enlarged. 


Enlarged. 


Not felt. 


Not felt. 


Mental 
condition. 


Speaks words 
only; clean. 


Does not speak. 
Stands with 
aid. 


Does not sit 
orspeak. (Re- 
gressed.) 


Spoke words at 
l year; no pro- 
gress since. 


Backward. 


Unable to sit 
at 11 months. 
(? Regressed.) 


Backward. 
Unable to 
stand. 


Herniae. 


Umbilical. 


Umbilical. 


Umbilical. 


None. 
(Undescended 
testicle.) 


Right inguinal. 


Bilateral 
inguinal. 


None. 


Rhinitis. 


None. 


Present. 


Present. 


Present. 


Present. 


Present. 


Present. 








Author. 


Hurler I 
(Pfaundler, 
Tuthill) 


Hurler IT 
(Pfaundler) 


Jewesbury and 
Spence 


Putnam and 
Pelkan 


Helmholtz and 
Harrington I 


Helmholtz and 


Harrington IT 


Helmholtz and 
Harrington III 


Helmholtz and 
Harrington IV 


Sex. 
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—— Family history. 

Parents and 4 
older and 4 
younger sibs nor- 
mal, 2 sibs died 
early infancy. 


4} yrs. 


23 mths. Parents normal, 


only child. 


Parents and one 
younger sib nor- 
mal. Child of 
paternal uncle 
resembled 
patient. 


5} yrs. 


17 mths. Parents and 3sibs 


normal. 


Brother of Case IT 
(H and H). Par- 
ents normal, 2 
premature sibs 
died in infancy. 
Maternal uncle 
had large head 
and grand- 
mother kyphosis. 


4} yrs. 


As above, sister 
of Case I(H and 
H). 


17 mths. 


13 mths. Parents normal, 


only child. 


2h yrs. No particulars. 








TABLE II. 
Bone changes. 
— 
Skull. Sella turcica. Spine. 
Hydrocephalic Bowl forma- Kyphosis, 
andoxycephalic; tion of 
sutures thicken- sphenoid 
ed; exostosis at and lamina 
base. cribrosa. 
Large. Not noted. Kyphosis, 

Acrocephalic and Much in- No abnor. 
brachycephalic. creased in  mality 

length. An- noted. 
teriorclinoid 

process lay 
horizontally 
backward. 

Scaphocephalic; Not noted. Dorso- 
prominent fore- lumbar 
head. Ridging of kyphosis. 
sagittal suture. 

Scaphocephalic; Not noted. Lumbar 
frontal bossing. kyphosis. 

Scaphocephalic; X-rays nega- Lumbar 
prominent fore- tive. kyphosis. 
head. 

Scaphocephalic Much Dorso- 
and hydroceph- enlarged. lumbar 
alic; prominent kyphosis 
forehead. (D.12and 

a. 1): 

Large, with X-rays nega- Lumbar 

frontal bossing. _ tive. kyphosis. 








SLE JI, 


Pine, 


vhosis, 


hosis, 


vbnor- 
ity 


bar 
hosis, 
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ar 
Osis. 


ar 
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and 
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Previously Published Cases. 
——~~\ Corneae. _— Liver. Spleen. 
Limbs. 

Limitation of Cloudy. Enlarged Enlarged 
movement at (aged 28 (aged 28 
shoulder; cor- months). months). 
ner-shaped 
head of hu- 
merus. 

No abnormal- Cloudy. Abdomen Enlarged. 
ity noted. distended ; 

liver not 
palpable. 

Limitation of Cloudy. Not Not 
extension at enlarged. _ enlarged. 
elbow. Claw 
fingers. 

Short thick Cloudy. Enlarged. Palpable. 
arms, hands 
semiflexed. 

Genu valgum. 

Extremities Deep Abdomen Not 
short, with layers _ greatly palpable. 
limitation of cloudy. distended; 
extension at Clean liver not 

elbows, knees, epi- palpable. 
and fingers. thelial 

layer. 

Extremities Deeper Abdomen Not 
short and layers prominent enlarged. 
broad. Limit- cloudy. Liver ?en- 
ation of exten- larged. 
sion of fingers. 

Arms short and Cloudy. Abdomen — 
thick. Limita- distended. 
tion of exten- (Examina- 
sion of fingers. tion unsat- 

isfactory.) 

Genu varum Cloudy. Enlarged. Enlarged. 
and deformity 
of ankles. X- 

Tray evidence 
of dystrophy. 


Mental 


ae Herniae. 
condition. 


Mentally Umbilical. 
defective. 

Sat up at 

1 year ; 

walked at 

26 months. 


Did nottalk; 
no control 
of excreta. 


Umbilical 
and 
bilateral 
inguinal. 


Backward. None. 


? Backward. 
Very 
inactive. 


None. 


Did not talk. 
Amiable. 
M. D. 


Umbilical. 
Bilateral 
hydroceles. 


Mentally None. 
alert, but 
did not 


walk. 


Did not sit ? 
up or talk. 


Walked at 
27 months; 
did not 
talk; no 
control of 
urine or 
faeces. 


None. 


Depression Eyes 
of nasal 
bridge. 


Present. 


None. 


Nose flat. 


Nasal 
Other 
= particulars. 


Nosebroad Died aged 7. 
and flat. 


P.M. exam- 
ination of 
brain by Tut- 
hill. Eyes 
widely separ- 
ated. Eye- 
brows coarse. 
Distended 
scalp veins. 
Some hyper- 
trichosis. 


Depressed _ 
nasal 
bridge. 


promi- 
nent. 


Hypertricho- 
sis; hair of 
head silky, 
eyebrows 
very heavy. 
Ears placed 
low. 


Nosebroad Distended 
and flat. 


scalp veins. 
Abnormal 
from birth. 
Ears placed 
low. 


Throve until 
4 monthsold. 
Narrow 
palpebral 
fissures. Ears 
placed low. 


Not noted. Abdominal 


and cranial 
enlargement 
noted at 
birth. Ears 
placed low. 
Dentition at 
18 months. 
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Fia. 6 


Fic. 1. Case 1. aged 18 years, with 
her mother. Extreme infantilism 

Fia. 2. Case 1, showing supra-orbital 
ridge, prominent jaw, fatty ‘pad 
over lumbar spine, and fixed flexion- 
deformity of joints 

Fic. 3. Case 2 

Fic. 4. Case 3 

Fic. 5. Case 4 (facies and hepato- 
splenomegaly) 

Fia. 6. Case 4 (cranial deformity and 
kyphosis) 

Fia. 7. Case 7 (facies and cranial 
deformity) 


Fic. 8. Case 7 (kyphosis) 
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Fria. 9. Skull, Case 1. Enlargement of sella Fic. 10. Skull, Case 2. Enlargement of sella 
turcica and cranial deformity turcica and cranial deformity 





_ 
ah 2 


Fic. 11. Skull, Case 3. Enlargement of sella Fic. 12. Skull, Case 4. Enlargement of sella 
turcica and cranial deformity turcica and cranial deformity 








Qua 
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Fic. 13. Spine, Case 1 Fic. 14. Spine, Case 2 Fic. 16. Spine, Case 4 





Fic. 15. Spine, Case 3 Fic. 17. Spine, Case 5 


Kyphosis and deformity of bodies of lumbar vertebrae 








Que 
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Fic. 18. Spine, Case 6. Kyphosis Fic. 19. Spine, Case 7. Kyphosis 
and deformity of bodies of lumbar and deformity of bodies of lumbar 
vertebrae vertebrae 





Fic. 20. Pelvis and hips. Case 1 Fic. 22. Pelvis and hips. Case 4 











Qua 
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Fic. 21. Pelvis and hips. Case 2 Fic. 23. Left forearm and 
hand. Case 1 





Fic. 24. Right hand. Fic. 25. Left hand. Fic. 26. Shoulder. 
Case 3 Case 4 Case 4 
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THE MODIFIED VANADATE SERUM MALIGNANCY TEST? 
(BENDIEN-LOWE) 


AN ACCOUNT OF THE EXAMINATION OF 450 SERA 


By R. EWART JONES anp D. LEYTON WOODHOUSE 


(From the Cancer Research Laboratory and Pathological Department, 
General Hospital, and University, Birmingham) 


TuE elaboration of a diagnostic test for the presence of malignant disease 
has occupied the minds of innumerable workers in the field of cancer 
research. The solution of this problem would be of incalculable assistance 
in therapeutic control of the disease, while it could hardly fail to reveal 
important facts in more theoretical aspects such as the origin, development, 
and metabolism of the cancer cell. 

Numerous tests involving blood and urine analysis have been brought 
forward during recent years, for some of which great accuracy in dis- 
tinguishing between specimens from cancerous patients and those suffering 
from other pathological conditions has been claimed. In practice, however, 
the claims put forward by the originators of the tests have not been con- 
sistently confirmed by other investigators, and no one test has been 
established as a sufficiently reliable guide to diagnosis or treatment. In 
many instances conclusive results have been claimed for tests founded on a 
very inadequate number of examinations. 

It is an essential feature of such a test that satisfactory results should be 
obtainable in the hands of competent workers in any laboratory. It is 
specially desirable, therefore, that the personal factor should be eliminated 
as far as possible; that is, the result of the test should depend upon factors 
capable of being estimated quantitatively. 

One of the most recent sero-diagnostic methods is that described by 
Lowe (1), who has developed, and apparently greatly improved, the test 
originally described by Bendien (2). The modified method of examination, 
is quantitative in nature and a very high degree of correlation with clinical 
and pathological data (90 per cent.) is claimed by the originator. It was 
felt, therefore, that although the failure of so many diagnostic methods 
had aroused a good deal of scepticism regarding the reliability of any serum 
test for malignant disease, this particular reaction should be submitted 
to an impartial but critical examination, in order to ascertain whether it 
would give equally consistent results in other laboratories. 


1 Received October 22, 1935. 
[Q.J.M. New Series No, 18] L 
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This paper describes the results obtained by applying the test to over 
400 sera from patients suffering from a variety of malignant tumours and 
other pathological conditions, and from normal healthy persons. 

Brief outline of vanadate test. Bendien (2) demonstrated that when acetic- 
vanadate solutions of suitable pH and concentration were added to blood 
serum, a precipitate of protein-vanadate was obtained, which Boyland (3), (4) 
pointed out was caused by the neutralization of the oppositely charged col- 
loidal protein and vanadate complexes in the respective solutions. Bendien 
originally examined the precipitating properties of solutions containing 
approx. N/100 vanadate, and of pH ranging from 3-3-5-4 on a very large 
number of human and animal sera under varying conditions. A series of 
ten solutions containing 20-30 c.c. of N/10 sodium vanadate made up to 
200 c.c. with N/10 acetic acid, was subsequently found sufficient for most 
tests on human sera. Using these solutions, normal, healthy serum gave a 
definite precipitate with reagent No. 28 (28 c.c. per 200), while reagents 29, 
30, &c., gave increasingly heavy precipitate, 27 or 26 gave smaller or nega- 
tive precipitation. The results with pathological sera were usually in the 
direction of increased precipitation, definite flocculation occurring with 
reagent 27 or lower, and it was claimed by Bendien that this was especially 
the case with sera from cancer patients. It was found, however, that many 
conditions other than malignancy gave enhanced flocculation ; moreover, 
the spectroscopic examination of the precipitates as carried out by Bendien 
did not serve to eliminate the false results frequently obtained by other 
observers. 

The modifications introduced by Lowe were designed to remove these 
difficulties, and at the same time to give a quantitative basis to the test. 
The new features were based on Bendien’s observations that sera after 
extraction with ether gave increased flocculations with the reagents, and 
after heating for thirty minutes at 56° C. flocculations were diminished. 
The revised test compared the amount of increased precipitation caused 
by the ether treatment (i.e. the difference between the normal ‘A’ series 
and the ether treated ‘C’ series) with the decrease in flocculation caused by 
the heat treatment (i.e. the difference between the normal ‘ A’ series and 
the heated ‘ B’ series). 

For purposes of quantitative estimation the tube in the ‘A’ series which 
gave a precipitate of approximately 1 mg. of protein (actually a reading 
approximating to forty units on the Zeiss interferometer) was selected as 
the standard. The quantity in this tube, and in the corresponding tubes, 
in the ‘B’ and ‘C’ series were analysed by means of the interferometer. 
It was observed that in patients suffering from malignant disease the ratio 


C-B 
malignant conditions, the ratio was definitely less than one. In non- 
malignant disease, although precipitation might occur with reagents of low 
vanadate content (e.g. solution No. 23) the ratio would remain low. 





was greater than unity, whilst in normal persons suffering from non- 
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Precision and careful adherence to the specifications laid down by the 
originators was necessary in order to obtain accurate results by this 
method. 

Technique of the test. Throughout these researches great care has been 
taken to follow the details of technique described by Lowe. The blood 
was obtained under fasting conditions and the clear, unhaemolysed, sterile 
serum was removed after twenty-four hours. 1-2 c.c. of serum was then 
diluted with an equal volume of distilled water and quantities of 0-2 c.c. 
distributed into hard glass tubes of the specified dimensions. 1-0 c.c. of the 
vanadate reagents was added to each tube in this ‘A’ series. A further 
portion of serum for the ‘C’ series was extracted overnight with an equal 
volume of pure ether. A third portion for the ‘B’ series was heated 
at 56° C. for thirty minutes on the following day. The heated and 
ether extracted portions were then also diluted with an equal volume of 
distilled water, distributed in the tubes and treated with the reagents. In 
the first place examinations were carried out, using the specially standard- 
ized reagents supplied by Messrs. B. D. H. Ltd. ; subsequently the solutions 
were made from N/10 sodium ortho-vanadate solution (B. D. H.) and 
standardized N/10 acetic acid. We were, unfortunately, unable to obtain 
an interferometer for the analysis of the protein complexes, and recourse 
was had to a nephelometric method of estimation. While it was appre- 
ciated that such a method has disadvantages, it was believed that sufficient 
accuracy would be obtained with the nephelometer provided that standard- 
ized conditions were observed and only small variations were allowed in the 
opacity of the solutions for photometric comparisons. It was determined 
that a casein solution containing 0-1 grm. of light, white, soluble casein 
(B.D. H.) in 100 c.c. of water and diluting 2 to 50 c.c. with 3 per cent. 
sulpho-salicylic acid gave a cloud of similar density to that obtained from 
a serum protein-vanadate precipitate containing 1 mg. of protein in a 
similar volume. For the analyses the precipitates were dissolved in 0-5 c.c. 
N/10 NaOH, a few c.c. of distilled water added followed by 30 c.c. of 3 per 
cent. sulpho-salicylic acid and the volume finally made up to 50 c.c. with 
water. Matching was carried out after both had stood for ten minutes. 
The standard casein solution must be made every two days. 

It was not difficult to decide, after centrifugalizing in the reaction tube, 
whether the precipitate for analysis varied greatly from the amount in the 
casein standard, and, if necessary, the final dilution for the photometric 
comparison could be adjusted by making a greater or less dilution so that 
the opacity approximated to that of the standard. Numerous tests and 
analyses convinced us that, under the stated conditions, the method was 
sufficiently accurate and reliable. It has the distinct advantage that it 
can be employed in laboratories where the costly interferometer apparatus 
could not be provided. 

After we had examined over 200 sera and therefore became well ac- 
quainted with the general technique, we had the pleasure of visiting 
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Dr. Cronin Lowe’s laboratory and thoroughly discussing and observing the 
test as carried out under his direction. Subsequently he was good enough 
to make a series of comparisons of the photometric and interferometric 
methods of estimating the precipitates, and communicated the results of 
some of these. By the interferometric method of analysis he ascertained 
that a casein standard we had previously employed was probably weak, and 
so the strength detailed above was adopted for later examination. Using? 
this concentration Dr. Lowe reported that a consistent comparison of inter- 
ferometric and casein units could be obtained. 

Thus it would appear that a slight theoretical objection that the precipi- 
tates might contain serum constituents other than protein is not vital. In 
this connexion it is of interest that we actually estimated that the vana- 
date-protein precipitate from the unmodified serum contained a definite 
proportion of cholesterol; in one instance 0-8 mg. was found in the preci- 
pitate produced with vanadate solution No. 27, (quantities of serum reagent 
as for test) an amount which constituted a large proportion of the total 
cholesterol present in the serum employed in the test. 

Material examined. The majority of the sera examined were from ward 
patients of the General Hospital, Birmingham, and the blood samples were 
taken under fasting conditions. Others were secured from the ‘ follow up’ 
clinics, but only specimens taken some time after a meal were utilized, and 
these were not approved unless free from fatty opalescence. 

Those in the first group were taken without any special selection. They 
were, therefore, derived from patients clinically known to be suffering from 
pathological conditions malignant or otherwise, but in many cases no 
definite diagnosis had been possible up to that time. In all cases micro- 
scopic evidence at operation; post-mortem examination, or definite and 
convincing pathological evidence of the presence of a malignant growth, or, 
alternatively, of some non-malignant condition, has been required before the 
material and results were classified for purpose of comparison in this paper. 
Consequently a large number of analyses have been excluded because such 
satisfactory evidence has been so far unobtainable; no doubt if these were 
known correctly they would be found to contain approximately equal 
numbers from the malignant and non-malignant categories. Those included 
in this report therefore constitute a series in which the verdict of malignant 
or non-malignant we consider to be beyond dispute. 

As an added safeguard against any possible bias in carrying out investiga- 
tions, practically the whole of the biochemical work has been performed by 
one of us (D. L. W.) while the sera has been obtained, and the clinical and 
other data compiled, by the other worker (R. E. J.). 

Because of the more or less haphazard method of sampling, the material 


2 We are confident that our previous diagnostic conclusions were not affected by 
using the weaker standard. However, the change was beneficial in ensuring that the 
most suitable tube was invariably selected. We have not found any improvement in 
our correlation results since the change. 
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available for statistical examination has certain advantages and some 
shortcomings. Among the malignant diseases encountered, a large variety 
of sites are included, evincing much diversity of degree of malignancy, 
character, and amount of involvement, and also in the duration and stage 
of the disease. Where any form of treatment had been carried out, the 
possibility of such affecting the patient’s serum, and thus the result of the 
test, has been taken note of. 

Similarly a large number of different non-malignant pathological condi- 
tions, as well as some presumably healthy people have been listed. 

This heterogenicity is of value in a general survey of such a test, but, 
naturally, it precludes a very detailed analysis of results unless exceedingly 
large totals are available. It is felt that the following summaries are 
sufficient to indicate our experience of the test over a period of nearly two 
years, and that dissection of the returns would not be justifiable and must 
be deferred for future research which might, for example, be planned with 
special respect to certain types or sites of malignant growths. 


Summaries of Cases Examined 


A. General classification. 


(1) Total number of sera examined . : = i F ‘ ‘ . 470 
(2) Sera classified for statistics . : i : - ‘ . 296 
(3) Special cases not in (2) . 5 5 . . . ‘ ‘ i . 26 
(4) Repeat examinations (follow up) . . . . ° . . . 52 


296 Classified Cases 


Corresponding with clinical diagnosis. Not corresponding. Total. 
Malignant disease 131 (74-8 %) a4 175 
Non-malignant disease 90 (74-4 %) 31 121 

221 75 296 


B. Malignant disease. 
Classification According to Site 


Non- 

Total. Corresp. corresp. 
Epithelioma (face; lip; tongue; &c. ) 54 37 17 
Breast 31 24 7 
Uterus 20 15 5 
Lung 18 13 5 
Rectum 13 1l 2 
Stomach 10 8 2 
Ocesophagus 4 1 
Brain 6 6 0 
Liver 4 3 1 
Peritoneum 3 3 0 
Other sites (pancreas ; duodenum ; bladder ; reticulo- 9 | 2 

endothelium ; thyroid; ovary) 

Sarcomata 3 3 0 

175 133 42 
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C. Non-malignant diseases. 


1. Cases in which correct diagnosis (non-malignant) was obtained. 


Bronchiectasis 
Inflam. oesophageal obstr. 
Bronchitis 
Pulmonary T.B. 
Generalized T.B. 
Glandular T.B. 

T.B. breast 

T.B. ulcer of tongue 
Abscess of lung 
Diabetes 

Gastric and duodenal ulcers 
Chronic gastritis 
Graves’ disease 
Cholecystitis 

Pyelitis 

Nephritis 

Cirrhosis of liver 
Catarrhal jaundice 
Secondary anaemia 
Pernicious anaemia 
Polyserositis 
Disseminated sclerosis 
Osteitis fibrosa 


bt DD = OO OO = DD DD DD DD OT ND et et et ee OT Ot et 





Condition 


Diverticulitis 

Chronic appendix 

Dysmenorrhea 

Uterine fibroid 

Ovarian cyst 

Cyst on finger 

Cyst on jaw 

Cystic goitre 

Brodie’s abscess 

Cerebral haemorrhage 

Cerebral thrombosis 

Aneurism 

Acute arthritis 

Granuloma of orbit 
Non-malignant ulceration 
Non-malignant stricture of bile duct 
Non-malignant stricture of rectum 
Naevus 

Hernia; prolapse; healthy 
Paraplegia 


2. Cases in which incorrect results were obtained. 


Gastric ulcer 

Duodenal ulcer 
Menopausal haemorrhage 
Pneumonia (resolving) 
Catarrhal jaundice 
Chronic nephritis 
Chronic bronchitis 
Diverticulitis 


Special cases 


— RSD — mm em Od bS OO 





Condition 


Disseminated sclerosis 
Dysmenorrhea 

Uterine polyp 

Uterine fibroid 

Cyst on jaw 

Hernia; prolapsus uteri; healthy 


1 
1 
4 
2 
1 
1 
1 
2 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
21 
1 
90 


| CODD et ee ee 


A number of specimens were examined from patients suffering from 
pathological conditions, which, for obvious reasons, we have refrained from 
classifying in either of the categories, and which, therefore, have not been 


included in the figures for sections B and C above. 


We have also examined 


five cases of pregnancy and confirmed the observations of Lowe (1) who 


obtained a malignant ratio. 


Disease or condition. 


Rodent ulcer 
Hodgkin’s disease 
Leukaemia 
Pregnancy 


| i oo =) 


Ratio found. 





r. Malignant. 


By 


Non-malignant. 
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Discussion of Above Results 


A. Preliminary notes. 1. It will be observed that among the non-malig- 
nant cases tubercular conditions in no instance gave a misleading result. 

2. Among the series of incorrect non-malignant results, ten were of gastric 
or duodenal ulcers and six were of menopausal haemorrhage. Such cases 
are obviously those in which malignancy of latent or very early type may 
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occur and not be revealed by any clinical method. We feel that since six- 

teen of twenty-nine incorrect cases fall into these categories, that special 


attention should be drawn to the occurrence. 
3. The average deviation of the ratios among the incorrect malignant 


cases from the standard ratio of unity was 44 per cent. The average devia- 
tion amongst the incorrect non-malignant cases from the standard ratio of 


unity was 196 per cent. 
4. The mean tube number for: a. the total malignant cases was tube 4; 


b. the total non-malignant cases was tube 5. 
B. Significance of the tube number in relation to the accuracy of the test in the 
A number of charts have been constructed which illustrate in 


above series. 
a simple fashion the frequency in which the precipitates for analysis from 
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the unmodified serum (i.e. the primary precipitate in the ‘ A’ series) occurred 
in the various tubes. Since a few sera yielded heavy precipitates with 
solution 21, a further three solutions, 18, 19, and 20 were prepared with de- 
creasing concentrations of vanadate. These were also required for some of 
the animal sera tests which are described in a later section of this paper. 
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Chart 1 shows the occurrence of precipitate in the correctly diagnosed 
cases (broken line), and for the incorrectly diagnosed cases (unbroken line), 
grouping all cases together, malignant and non-malignant. 

Charts 2 and 3 have been constructed to show these results analysed into 
the two diagnostic classes. These charts indicate the infrequency of cases 
giving a primary precipitate in tubes 23 and 24. 


C. Accuracy of the diagnosis in various age groups. In order to investigate 
whether the age of the patient has any influence on the accuracy of the 
diagnosis by this test, charts have been constructed comparing these two 
factors. In some instances the age of the patient was not available from the 
clinical notes, so that only 257 cases appear in this analysis. Chart 4 com- 
bines malignant cases (broken line), and non-malignant cases (continuous 
line), and illustrates the relative high degree of accuracy before the fifth 
decade of life. The main points may be tabulated as below. 
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Per cent. 
Total cases: under 20 years . ‘ . . 90 accuracy. 
21 to 30 . R é ; 95 = 
at 70. : : é F 50 a 
Malignant cases: under 30. ‘ ; . 100 - 
31to60 . . . 80 ,, 
6lto70 . . . 7 ,, 
71 upwards ' . 46 om 
Non-malignant cases: under 20. ; . 90 - 
21t0o40 . . 92,4, 
41to60 . , 65 me 
61to 70 . : 50 a 


From Chart 4 it would appear that during the years in which the in- 
cidence of cancer is very slight the diagnostic results for non-malignant 
cases are of a high order of accuracy. The first definite fall of 20 per cent. 
occurs in the age group over 41 years of age, i.e. precisely at the period 
where statistics demonstrate that the incidence of cancer rises in the general 
population, and therefore among the cases in which the unrevealed processes 
of cancerous or pre-cancerous nature might be latent. 


D. Relative value of returns. Although an approximately equal percentage 
of successful diagnoses (75 per cent.) was obtained in each of the groups, it 
is of interest to analyse the returns from the following standpoints. 

1. Malignant v. non-malignant ratios. 

Total malignant ratios = 162; correct = 131 = 81 per cent. 
Total non-malignant ratios = 134; is 90 = 67 - 
i.e. 14 per cent. greater accuracy was obtained among those specimens yielding 
malignant ratios. 
2. Male v. female cases. 


Il 


Malignant disease 93 males _ 69 per cent. correct. 
= zs 82 females 82 rm a 
Non-malignant cases 62 males 84 " " 
m » .  59females 62 " i 


Total male tests 155 116 correct; 75 per cent. 
Total female tests 141 105 ,, 3; 74 " 
296 221 74-5 per cent. 

We do not consider ourselves to be in a position to offer any explanation 
of these variations, and merely proffer them as figures obtained with the 
limited number of specimens examined. They may conceal some factor not 
yet understood ; for this, as for other information, further work is desirable. 


E. Discussion of some cases yielding ratios grossly conflicting with clinical 
evidence. During the course of investigation, on occasion, the analytical 
figures were such that the ratio obtained was so near to unity that it was 
impossible to give a definite verdict on the specimen. These have been 
eliminated from the returns. 
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The majority of the unsuccessful diagnoses, however, fell very definitely 
into the contrary classification. In the following section a short description 
is set out of some typical examples of cases in which the clinical and other 
evidence conflicted very seriously with the ratio obtained. 

Our previous observations regarding the possibility of unrevealed malig- 
nancy in such cases as menopausal haemorrhage, gastric ulcer, &c., is, of 
course, pertinent to this point. 


a. Malignant cases in which non-malignant ratios were obtained. 


Case 116, male, aged 66, 25th Aug. 1933. 
Clinical notes. Neoplasm of liver: very marked jaundice. General con- 
dition fairly good. 


Vanadate reaction. Primary precipitate in tube 22. Ratio ies . 

Case 218. J.H., male, aged 45, 1st Dec. 1933. 

Clinical notes. Neoplasm of lung: post-mortem examination showed fairly 
extensive carcinoma of lung. 

Vanadate reaction. Primary precipitate in tube 24. Ratio aoa . 

Case 134. W.B., male, aged 40, 3rd Oct., 1933. 

Clinical notes. Repeated tapping of blood-stained effusions into right 
mediastinum : loss of weight: diagnosed as mediastinal neoplasm. 


Vanadate reaction. Primary precipitate in tube 23. Ratio ra 


Case 229. T., male, aged 52, 14th Dec. 1933. 


Clinical notes. Carcinoma of the oesophagus. 
Vanadate reaction. Primary precipitate in tube 22. Ratio xe . 


Case 357. H.'T., male, aged 53, 12th May 1934. 
Clinical notes. Inoperable carcinoma of rectum. 
3°6 


Vanadate reaction. Primary precipitate in tube 21. Ratio 





Note. In all these cases a distinct ‘shift to the left’ was observed in the 
‘A’ series. 


b. Non-malignant cases in which malignant ratios were obtained. 


Case 23. N. F., female, aged 20, 7th May 1933. 

Clinical notes. Severe dysmenorrhea: general condition good: usually 
active and athletic : menstruation just commencing when specimen was taken. 

Vanadate reaction. Primary precipitate in tube 28. Ratio = . 

Case 68. J.P., male, aged 41, 3rd June 1933. 

Clinical notes. Pain in abdomen for twelve months: other clinical symp- 
toms suggested carcinoma: slight loss of weight. Operation. Large ulcer at 
lower curvature: partial gastrectomy : ? malignant glands. Section. Showed 
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chronic ulcer of long duration no infiltration: gland normal, except for 
chronic inflammatory changes. 
30:4 | 


Vanadate reaction. Primary precipitate in tube 26. Ratio — : 


Case 356. A. H., female, aged 63, 12th May 1934. 

Clinical notes. Originally diagnosed as mediastinal neoplasm with second- 
aries. 

Post mortem. No evidence of growth to be found. 

Vanadate reaction. Primary precipitate in tube 21. Ratio ae 

Case 371. W.P., male, aged 59, 30th May 1934. 

Clinical notes. Gastric symptoms for three years with anaemia: weakness 
and loss of weight. On 6th Dec. 1934 haemorrhage and death. 

Post mortem. 'Two large ulcers: no sign of malignancy. 

Vanadate reaction. Primary precipitate in tube 22. Ratio aa 

Note. In two cases there was no apparent ‘shift to the left’ in the ‘A’ 
series ; in the other two there was a definite so-called pathological reaction. 

On the other hand we could quote an interesting series of cases in which 
we obtained non-malignant ratios in opposition to apparently overwhelming 
clinical evidence of the presence of malignancy, but which at subsequent 
operation or post mortem was proved not to be malignant. Notes of four of 
these are appended. 


c. Non-malignant proved correct. 

Case 141. J. M., male, aged 28, 8th May 1933. 

Clinical notes. In hospital two months previously with enlarged glands, 
irregular pyrexia: ? Hodgkin’s disease: gland excised. T.B. found. Read- 
mitted 8th May 1933 with pleural effusion: enlarged liver and ? shadow in 
mediastinum. General condition fairly good: but was confidently diagnosed 
as suffering from malignancy. 

Vanadate reaction. Ratio oo 

On 4th Oct. 1933 was much improved: effusions had ceased, but still had 
ascites. 

Vanadate reaction. Primary precipitate in tube 21. Ratio sre - 
Subsequently described as a case of Pitt’s disease. 


Case 142. J. W.R., male, aged 61, 4th Oct. 1933. 


Clinical notes. Loss of weight some months: malignant disease suspected. 
: : — , 10°4 
Vanadate reaction. Primary precipitate in tube 22. Ratio 35-0" At 


operation. Lung abscess: no sign of malignancy. 


Case 256. H.H., female, aged 60, 9th Jan. 1934. 
Clinical notes. ? Carcinoma of breast. 


Vanadate reaction. Primary precipitate in tube 26. Ratio ee Section. 


Showed tubercular condition. 
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Case 382. L., male, aged 47, 16th June 1934. 
Clinical notes. Mediastinal neoplasm suspected. 
10°8 


Vanadate reaction. Primary precipitate in tube 21. Ratio sa4 





° 


Post mortem. Tuberculosis: no growth seen. 


Three of these illustrate a correct finding in the presence of a distinct 
pathological ‘ shift to left’ in the ‘ A’ series. 

It is obvious that in collecting a series of cases for such an examination as 
we have been engaged upon, the probability of encountering cases in which 
the clinicians could entirely exclude the possibility of some type of neoplasm 
as a possible explanation of the symptoms is very slight. The number of 
cases in which the diagnostic test gave a malignant ratio where the corre- 
sponding condition was entirely unsuspected, but subsequently proved 
actually present, and is therefore limited. 


F. The vanadate reaction and prognosis. Apart from the value of this 
serological test in distinguishing between malignant and non-malignant 
conditions, considerable success has been claimed (Lowe (5) (6)) in its 
application for purposes of prognosis following treatment by observing the 
response of the patient’s serum to the surgical or therapeutic measures 
adopted, as denoted by the zone of precipitation and type of ratio evinced 
during a number of successive serum examinations. It was suggested to be 
specially valuable as capable of giving evidence of the recurrence of malignant 
disease before this had manifested itself clinically. 

Since our primary effort was directed towards assessing the diagnostic 
value of the test, we are able to report on only a small number of cases which 
we have examined at intervals before and following treatment, and which 
are of interest from the above standpoint. Although, however, these cases 
are limited in both number and period of observation, they seem to afford 
definite encouragement in this field. Some of these are illustrated graphi- 
cally below, the method of illustration being that used by Lowe (6) (7) in 
the above papers. 


Cases 1, 2, 3. Ratio changed from malignant to non-malignant; patient 
still well. 


Case 4. Malignant reaction throughout, terminating in the death of 
patient. 


Case 5. Malignant; recurrence after treatment. 


Case 6. Malignant ratio throughout: reported well during interval be- 
tween Ist and 2nd specimens, but worse after 3rd specimen. 


Case 7. Aberrant case: although obviously carcinoma of the breast 
(treated with radium), gave persistent non-malignant reaction throughout ; 
now dead. 


Case 8. Case in which prognosis is speculative: no definite signs clinically 
or serologically. 
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G. The vanadate reaction in some experimental animals. A number of sero- 
logical tests have been carried out during this period chiefly on mice and 
rabbits. The experiments on the former are not yet complete, but it is of 
interest that whereas the normal mouse serum gives the standard primary 
precipitate with reagents number 21 or 22, after applying a carcinogenic 
coal-tar for some fourteen weeks (twice weekly) the flocculation reaction was 
much increased, and the primary precipitate occurred with a specially con- 
stituted solution containing only 19-0 c.c. of N/10 sodium vanadate per 
200 c.c. At the same time the ratio changed from the non-malignant to the 
malignant type, and consistently with this reaction small warts appeared in 
this series of animals. Similar results are being obtained in a group of mice 
to which dibenzanthracene solution is being applied. It is hoped to give 
fuller details of these experiments when they are completed. 

In the rabbit experiments the serum was obtained from an animal to 
which tar had been applied on the flank. Previously some rabbits had been 
tarred on the ears, but this technique was unsatisfactory ; moreover it was 
found that the horny neoplasm which resulted invariably retrogressed when 
tar applications were discontinued. By painting on the flank, however, 
a fleshy growth was obtained which progressed to the size of 3-4 cm. in 
diameter, and elevated 1-2 cm. While this neoplasm was enlarging a posi- 
tive vanadate reaction was obtained. Later, tar applications having been 
suspended, a negative reaction was obtained, and on examination it was 
found that the growth was much smaller. 

It is apparent that these rabbits were resistant to this type of growth; 
nevertheless it is suggestive that a positive reaction was obtained. 

In this connexion the results of Datnow on rabbit carcinoma (cited by 
Lowe (6) in J. State Med. 1934) and of Begg and Aitken (8) on fowl 
sarcoma, are of interest, although it is not impossible that the reactions of 
the host to an implanted tumour are more complicated than those of an 
animal (or human subject) to a ‘spontaneous’ cancer, or to one induced 
experimentally by a chemical or physical agent. Thus the results. with 
dibenzanthracene would be expected to imitate more closely the reactions 
of the human patient. Unfortunately tar and allied epitheliomas in the 
mouse appear to be very refractory to therapeutic treatment, and so far we 
are not in a position to complete the series of reactions by observing the test 
after destruction of such growths in the test animals. 


H. Biological interpretation of the reaction. With regard to the mechanism 
of the reaction upon which the test depends and their interpretation in 
biological terms, reference may be made to the papers of Lowe (6) and 
Boyland (4). 

We have also carried out a diversity of biochemical experiments with a 
view to elucidating some of the factors underlying the vanadate inter- 
actions involving protein and other serum complexes. These are not in 
a sufficiently advanced stage for communication. It might, however, be 
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observed that many other reagents besides sodium vanadate are capable of 
producing a flocculation of the serum-protein in many respects very similar 
to that occasioned by the vanadate solution, e.g. sodium tungstate; uranium 
acetate; potassium chromate; potassium ferrocyanide and lanthanum 
acetate. 


Summary 


Over 450 sera from patients, approximately half of which were suffering 
from some type of malignant neoplasm and half from non-malignant patho- 
logical conditions, together with a few normal sera, have been examined by 
the modified vanadate reaction. 

Seventy-five per cent. of correct diagnoses have been obtained for both 
classes when all doubtful instances have been rigorously excluded. 

The results have been examined with regard to the type of precipitation, 
the age and sex of patients, and notes of typical cases are included in 
which the vanadate test was found to agree with the findings at post-mortem 
examination or operation, in spite of previous clinical evidence to the con- 
trary. Also some cases are described in which the reaction was found to 
differ grossly from the pathological findings. 

In a short series of cases repeated examination of the sera were carried 
out during and after treatment. Charts illustrating the history of some of 
these are included with a view to providing evidence of the value of the 
test in prognosis. 

A preliminary report is given of the test on animals bearing experi- 
mentally induced neoplasms. Further work on the biochemical factors 
involved and other aspects of the diagnostic test is in progress. 


The writers wish to express their appreciation of the assistance of the 
Honorary and Resident Staff of the General Hospital, Birmingham, for 
facilities in obtaining the specimens and the preparation of the patients 
for the tests; also to Dr. E. Ashley Cooper for helpful suggestions during 
the course of the investigations. 

This work has been carried out under the auspices of the British Empire 
Cancer Campaign, Birmingham Branch. 
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THE MECHANISM OF PRODUCTION OF CEREBROSPINAL 
FLUID! 


A COMPARATIVE STUDY OF THE SUGAR, NON-PROTEIN NITRO- 
GEN, AND INORGANIC PHOSPHORUS CONTENT OF BLOOD 
AND CEREBROSPINAL FLUID 


By HENRY COHEN 


(From the Department of Medicine, University, Liverpool) 


WHILST it is now almost universally accepted that the cerebrospinal fluid 
is produced, in major portion, at the choroid plexuses, the mechanism of its 
production remains the subject of continued controversy. The earlier work 
of Mestrezat (1) and the later researches of Fremont-Smith and his colleagues 
(2, 3, 4) indicated that this mechanism is essentially physico-chemical, and 
that such factors as ultrafiltration and a Donnan membrane equilibrium 
play a fundamental role in the distribution of all diffusible ions between 
blood and cerebrospinal fluid. On the other hand, much histological and 
pharmacological evidence suggests that the cerebrospinal fluid is a true 
secretion of the choroid plexus, and recently Flexner (5) in a penetrating 
thermo-dynamic analysis of the composition of the plasma and cerebro- 
spinal fluid, has concluded that the cells of the choroid plexus must do work 
in producing cerebrospina! fluid, i.e. the fluid is a secretion. 

Certain established data cannot be interpreted on known physico-chemical 
laws. For example, whilst the calcium content of cerebrospinal fluid is only 
half that of plasma, the magnesium of the cerebrospinal fluid exceeds that of 
plasma (6). It may be that additions to the cerebrospinal fluid direct from 
nerve tissue account for deviations from values predicted by physico-chemical 
theory, but these should be in the same direction in the same individual. 
The present investigation approached the problem from the wider standpoint 
of diffusion constants, and as a preliminary, the distribution of certain ionic 
and molecular species between plasma and cerebrospinal fluid was deter- 
mined. 


Relative Sugar Content of Blood and Cerebrospinal Fluid 


Schloss and Schroeder (7, 8) in 1916 made comparative studies of the 
sugar content of blood and cerebrospinal fluid in ten cases. Their results 
1 Received November 15, 1935. 
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indicated that at a given time there is no correspondence in any individual 
case. Weston (9) found in his series of cases that the ratio of sugar in the 
spinal fluid to that of blood averaged 1 to 1-55 in a group of epilepsy cases, 
and 1 to 1-72 in the general paralysis group, i.e. the spinal fluid contained 
64-5 per cent. of the blood-sugar content in the epilepsy group, and 58-1 per 
cent. in the paretic group. 

Myers and Fine (10) examined the spinal fluid and blood of fifteen cases 
of nephritis of all grades of severity. In each case the blood-sugar was 
greater in amount than the spinal fluid sugar. The ratio varied in indi- 
vidual cases, the spinal fluid containing from 44 per cent. to 85 per cent. of 
the amount of blood-sugar; the average for eleven cases was 60 per cent. 
Leopold and Bernhard (11) in children found that ten normal fluids averaged 
70-100 per cent. of the blood-sugar. In twenty-one cases of chorea, seven 
cases of idiocy, four of syphilis, two of epilepsy, and one of enuresis they 
found similar results. Acute nephritis with uraemia, however, gave a slight 
increase of this ratio. 

Egerer-Seham and Nixon (12) used the Lewis and Benedict method for 
the estimation of sugar, as modified by Myers and Bailey (13). It is impor- 
tant to note before considering their results that this method yields results 
which are many times too high unless great care be taken to ensure that the 
final solution has an acidity as high as 0-05 N, a factor which varies with 
different samples of picric acid (14). Moreover, an excess of acid decreases 
the rate of colour development (15). As both these factors do not appear 
to have been taken into account by Egerer-Seham and Nixon, their results 
must be accepted with caution. In four normal cases they find the spinal 
fluid-blood ratio for sugar to be 47-8 per cent., 49-5 per cent., 57-4 per cent., 
and 70-3 per cent. respectively, the average being 56-2 per cent. Thirty- 
three determinations were carried out on the blood and spinal fluid from 
various diseased states. In thirty-one of these, ratios between 29-8 per cent. 
and 88-8 per cent. were obtained. No constant relationship was observed, 
however, in any particular disease, and in neither normal nor pathological 
fluids was a constant increase of sugar in the spinal fluid apparent with an 
increase of blood-sugar. The remaining two cases merit comment. The 
first, a case of dementia paralytica, showed a blood-sugar of 102 mg. per 
cent. and a spinal fluid sugar of 135 mg. per cent.; this is one of the few 
instances recorded in which the spinal fluid sugar content has been found 
higher than the blood-sugar content, and the result must be looked on with 
some doubt. It is possible to conceive that such a ratio may exist from 
a consideration of the second case—one of diabetes—in which a blood-sugar 
content of 747 mg. per cent. was accompanied by a spinal fluid sugar content 
of 729 mg. per cent. Myers and Fine (10) had previously recorded a case 
of diabetes with a blood-sugar of 438 mg. per cent. in which the spinal fluid 
contained 300 mg. per cent. of sugar. If in these cases a sudden reduction 
in blood-sugar were to occur, e.g. after insulin, then it is possible that for 
a short time the spinal fluid would contain more sugar than the blood, but 
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when one considers the rapid passage of substances from cerebrospinal fluid 
to blood it is doubtful if this could be easily observed. 

Goodwin and Shelley (16) found the cerebrospinal fluid sugar 45-65 per 
cent. of the blood-sugar; and similar figures (50-70 per cent.) are given by 
Wilcox and Lyttle (17). 

Cohn, Levinson, and McCarthy (18) using the Somogyi technique (19) 
suggest that ‘the true glucose content of cerebrospinal fluid in normal 
fasting human subjects usually approximates that of blood’. They maintain 
that the results obtained by the Lewis-Benedict, Folin-Wu, Shaffer-Hartman 
and similar methods of sugar estimation in blood and body fluids, represent, 
in addition to glucose, non-glucose reducing substances, e.g. glutathione and 
various non-protein nitrogen compounds, whilst the Somogyi technique gives 
glucose alone. Thus in their series of ten cases, glucose estimated in the 
cerebrospinal fluid by the Folin-Wu method varies from 62 per cent. to 
85 per cent. of the blood glucose, whilst by the Somogyi method the varia- 
tion is from 71 per cent. to 128 per cent., and in two cases the fluid glucose 
is higher than the blood glucose. This method is, however, not free from 
error, and the results obtained from it are open to doubt. A similar series 
has been recorded by Bigwood, von Bogaert, and Wuillot (20) in which the 
‘total glucose’ ratio between cerebrospinal fluid and blood varied from 
59-1 per cent. to 88-6 per cent. (mean 67 per cent.) and ‘ fermentable sugar’ 
from 53 per cent. to 96 per cent. (mean 75 per cent.). 

For my own observations on the sugar of blood and spinal fluid, I have 
used the method of Folin and Wu (21) by means of which added sugar can be 
quantitatively recovered. The blood and spinal fluid were obtained at the 
same time in each case at least 45-6 hours after a meal, and both blood and 
spinal fluid examined immediately to prevent any loss of sugar by bacterial 
action. 

The results obtained in thirty-one miscellaneous cases are shown in the 
table and the accompanying figure. From a study of these the following 
facts emerge : 

1. In each of the thirty-one cases examined the blood-sugar exceeded the 
spinal fluid sugar, both in normal and pathological specimens. 

2. The average ratio between spinal fluid and blood-sugar is 70 per cent. ; 
with a minimum in this series of 52 per cent. and a maximum of 93:7 
per cent. 

3. There is no relationship between the ratios of the sugar content of 
blood and cerebrospinal fluid in different cases of the same disease. 

4. A general relationship does hold between the blood and spinal fluid 
sugar contents in such a way that the higher the sugar content of blood, 
the higher is the spinal fluid sugar likely to be (see Fig. 1). This is 
especially well seen in the recorded estimations of spinal fluid sugar in 
diabetes. 

It is extremely doubtful if any light can be shed on the role played by 
the choroid plexus in the formation of cerebrospinal fluid by estimating the 
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sugar in blood and cerebrospinal fluid. In the first place, sugar is an 
assimilable foodstuff. Its consumption by the choroid plexus and the 
presence of excess cells or micro-organisms in the cerebrospinal fluid would 
diminish its amount therein (as in meningitis), even though a normal amount 
were present in the blood and passing through the choroid plexus. In the 
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Fic. 1. The black dots of the upper line represent the blood content of sugar in the 
31 cases examined arranged in decreasing amounts. The small circles of the lower line 
represent the spinal fluid content of sugar in the corresponding cases. It is seen that 
there is a general drop in the spinal fluid curve corresponding to that of the blood, so 
that the higher the blood content the higher is the spinal fluid content likely to be. 


second place, the fact that the spinal fluid sugar rises with an increase of 
blood-sugar is evidence neither for nor against either the physico-chemical 
theories of origin of cerebrospinal fluid, or those which postulate a ‘ vital 
activity ’ of the choroid plexus, i.e. secretion, for in this latter instance if 
more material is presented to the cells of the choroid plexus, they are likely 
to deal with a greater amount. Finally, a knowledge of the composition of 
ventricular as well as lumbar fluid is essential for complete analysis. 


Relative Non-protein Nitrogen Content of Blood and Cerebrospinal Fluid. 


Leopold and Bernhard (11) found 17-26 mg. per cent. of non-protein 
nitrogen in the spinal fluid of children which averaged 75 per cent. of the 
blood content. In chorea, idiocy, syphilis, epilepsy, and enuresis similar 
results were obtained. In acute nephritis they found an increase in the 
non-protein nitrogen of the cerebrospinal fluid, this increase being most 
marked in those cases associated with uraemia. 

For the investigations recorded below the non-protein nitrogen method of 
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Folin and Wu (22) was used. The results obtained in thirty-three cases are 
detailed in the table. The more important points which emerge from this 
study are: 

1. In each case the non-protein nitrogen of the blood exceeded that of the 
spinal fluid, in both normal and diseased states. 
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Fic. 2. The black dots of the upper line represent the blood content of non-protein 
nitrogen in the 33 cases examined arranged in decreasing amounts. The small circles 
of the lower line represent the spinal fluid content in the corresponding cases. The 
same general relation holds here, as for sugar. 


2. The average ratio between the non-protein nitrogen content of spinal 
fluid and blood is 73-6 per cent., a value closely in agreement with that of 
Leopold and Bernhard. The maximum ratio in this series is 93-9 per cent. ; 
the minimum 51-7 per cent. 

3. There is no relationship between the ratios of the non-protein nitrogen 
contents of blood and cerebrospinal fluid of different cases of the same 
disease. 

4, The same general relationship which was found to occur in the case of 
sugar, is seen also here. The higher the non-protein nitrogen of the blood, 
the higher is the spinal fluid non-protein nitrogen likely to be. This is 
especially well seen in azotaemic nephritis, of which the highest non-protein 
in this series is an example. 

What has been said regarding the metabolism of sugar applies with less 
force in this instance, for whilst the meningitides are almost constantly 
accompanied by a diminution in the sugar content of cerebrospinal fluid 
without any constant alteration in the sugar content of blood, there is no 














164 QUARTERLY JOURNAL OF MEDICINE 


such well-marked change in its non-protein nitrogen content. But it is 
important to emphasize that non-protein nitrogen includes many substances 
—urea, uric acid, creatine, &c.—which may show individual variations 
though the total amount remains unaltered. 

Relative inorganic phosphorus content of blood-plasma and cerebrospinal fluid, 
In a previous paper (23) I have recorded observations on the relative con- 
tent of the blood-plasma and cerebrospinal fluid in inorganic phosphorus 
which are given in the table for the sake of completeness, and in order that 
the ratios of the inorganic phosphorus content of blood-plasma and cerebro- 
spinal fluid may be compared with those of non-protein nitrogen and sugar 
in the same cases. 


Discussion 


If C represent the concentration of a substance in the cerebrospinal fluid 
and P its concentration in the plasma, then C = k P where k is a variable 
constantly greater than unity for all substances investigated except chlorides 
and magnesium (6). There is no difficulty in conceiving that k for any 
particular substance may vary in different cases, since it is dependent on 
factors which vary in individual cases, e.g. the membranes separating 
blood and cerebrospinal fluid—the choroid plexus, the arachnoid villi, the 
stroma, and the walls of the cerebral vessels—which vary in thickness, 
surface area, temperature, &c.; the rates of formation and absorption of the 
cerebrospinal fluid, &c. At a given instant, however, these properties of 
the membranes in any individual are the same for all constituents of the 
blood and cerebrospinal fluid. If, therefore, equilibrium between the blood 
and cerebrospinal fluid could be attained and the membrane showed no 
‘selective permeability ’, then in two individuals, A and B, k, for sugar will 
only equal k, if the membranes of A and B are of the same thickness and 
constitution. 

Considering the former point only. Histological examination shows that 
the choroid plexus varies in thickness from individual to individual. Pro- 
viding, however, that the gradient of decreasing concentration through the 
membrane is uniform and proportional to the thickness of the membrane, 
and the pressure head between blood and cerebrospinal fluid is constant in 
each case, and the blood is constant in composition, then we should antici- 
pate an approximation to the following relationships : 


1. k, (non-protein nitrogen) __ kz (non-protein nitrogen) 
k, (sugar) ~ kg (sugar) 





2. k, (non-protein nitrogen) _ k, (non-protein nitrogen) 
k, (inorganic phosphorus) kg (inorganic phosphorus) 








3. k, (sugar) 3 (sugar) 





k, (inorganic phosphorus) "ky (inorganic phosphorus). 





These relations are illustrated diagrammatically in Fig. 3. 
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That these relationships should hold can be further seen from a considera- 
tion of diffusion coefficients. 
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Fic. 3. In the above diagram the arrows indicate the direction of flow. If A and B 
represent the thickness of the membrane in individuals A and B respectively, it can be 
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seen from similar triangles that 


It has been pointed out above that the non-protein nitrogen, sugar, and 
inorganic phosphorus content of blood exceed the corresponding values in 
cerebrospinal fluid in all cases. 

Now a change in concentration (say of phosphate) as a result of passing 
through a membrane could not be brought about unless there was a relative 
shift in the numbers of phosphate and water molecules traversing the 
membrane. That is, the effect of the membrane must be due to the fact 
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that the diffusion coefficients of phosphate and water through the membrane 
are different. 
In fact : 


Concentration of phosphate in C.S.F. _ D (phosphate) 
Concentration of phosphate in blood D (water) 





(where D = diffusion coefficient through the membrane). 
Since the concentration of phosphate is less in cerebrospinal fluid than in 
blood it follows that D (water) > D (phosphate), i.e. the phosphate is 
hindered relatively to the liquid stream. To what degree this happens 
may depend on the pressure head, the osmotic pressure of the blood col- 
loids, and other factors which require further investigation. 

Similarly for non-protein nitrogen we have 
Concentration of non-protein nitrogen in C.S.F. _ D (non-protein nitrogen) 
Concentration of non-protein nitrogen in blood ~ D (water). 

It follows that 


Cone. of non-p. N. in C.S.F. x cone. of phosphate in blood 
Cone. of non-p. N. in blood x conc. of phosphate in C.S.F. 
D (non-protein nitrogen) 
= D (phosphate), 








k (phosphate) _ D (non-protein N.) 
k (non-protein N). _D (phosphate). 





D values vary in general with the absolute concentration of the solution to 
which they refer. In the case, however, of solutions as dilute as those with 
which we are dealing, D values remain constant, and if we can assume that 
even for different subjects the diameters of the pores of the membrane are 
large compared with the truly dissolved substances—phosphate and sugar— 
then D (sugar) / D (phosphate) should be constant. 

A glance at the results given in Table I shows that there are no two cases 
for which these relationships hold even remotely. In this series we at- 
tempted to reduce possible disturbing factors to a minimum. All patients 
were examined in the fasting condition so that blood-sugar and non-protein 
nitrogen and inorganic phosphorus were maintained at an almost uniform 
level. Blood and spinal fluid were taken at the same time, and the three 
substances determined in the same specimens so that the separating mem- 
brane was in the same condition for all three. In spite of these precautions 
we could find no evidence of the relationships we should have expected to 
be present if the membrane varied only in temperature, thickness, and 
surface area. Must we then postulate some special ‘ vital activity’ on the 
part of the cells forming the membranes separating blood and cerebrospinal 
fluid in order to explain these results? Or are purely physico-chemical 
considerations capable of explaining this varying permeability of the mem- 
branes to sugar, non-protein nitrogen, and phosphate ? 

The observations recorded above, even when allowance is made for the 
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difficulties of comparative estimations in the face of those limitations dis- 
cussed in the text, reveal wide discrepancies between the observed data 
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Remarks. 


Normal 


Epidemic encephalitis 

Post-encephalitic 
rigidity 

Epidemic encephalitis 
and chronic nephritis 
(3 specs.) 

Epidemic encephalitis 


Somatic syphilis 

Old cerebral haemor- 
rhage 

Compression para- 
plegia (Pott’s disease) 

Tabes dorsalis 


Radiculitis 
Cerebellar haemor- 
rhage 
Cerebral thrombosis 
Spastic paraplegia 
Left VI paralysis 
Taboparesis 
Cerebral tumour 
Spastic paraplegia 
Tabes dorsalis 
Spastic paraplegia 
Chronic nephritis 
Dementia 
Congenital ichthyosis 
Frontal tumour 
Cerebral thrombosis 
Epidemic hiccough 
Neurosyphilis 
Acute nephritis 
Syphilitic meningitis 


TABLE I 
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and those which would be expected on the physico-chemical theory dis- 
cussed. But it must be acknowledged that before these data can be sub- 
jected to more complete analysis we must possess further information on 
such aspects of the problem as the pressure head between blood and cerebro- 
spinal fluid, the rate of formation of the fluid, the rate of passage of sub- 
stances between blood and cerebrospinal fluid, the varying permeability of 
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the membranes in the presence of varying concentrations of such ions as 
calcium, &c. These and kindred problems demand further study before an 
adequate interpretation of the mechanism of production of cerebrospinal 
fluid is possible. 


Conclusions 


1. In the above paper are recorded the comparative values in blood and 
cerebrospinal fluid of sugar (thirty-one comparisons), non-protein nitrogen 
(thirty-three comparisons), and inorganic phosphorus (twenty comparisons), 
in the same patients. 

2. No relationship is found between these values even when all known 
disturbing factors are avoided. 

3. The findings are discussed in relation to the physico-chemical and 
secretion theories of the formation of cerebrospinal fluid, and further lines 
of investigation are indicated. 
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THE EFFECT OF INDUCED HYPERGLYCAEMIA ON THE 
GLUCOSE CONTENT OF CEREBROSPINAL FLUID’ 


By HENRY COHEN anp JULIUS LIBMAN 
(From the Department of Medicine, University of Liverpool) 


NUMEROUS experiments have been devised to ascertain the relationship 
which exists between the glucose content of the blood and cerebrospinal fluid 
(C.S.F.). The resulting literature records such conflicting observations and 
contradictory conclusions that it was decided to re-investigate this funda- 
mental problem afresh. 

The usual approach in the past has been to note the effect of a single dose 
of glucose, given orally or intravenously, on both blood and C.S.F. sugar 
curves. The results obtained by previous workers are summarized in 
Table I. It will be seen that, in the majority of cases, slight rises only in 
the C.S8.F. sugar have been obtained. An important point which has not 
been sufficiently stressed in most of these experiments is the desirability of 
maintaining the blood-sugar at a high level for an adequate period. With 
a hyperglycaemia of short duration, one would not on a priori grounds 
anticipate any considerable rise in the C.S.F. sugar, as the speed with which 
the C.S.F. will reflect changes in the blood will depend in part upon the rate 
of formation of the fluid. Thus, if the hyperglycaemia is transient, then 
only that part of the C.S.F. formed during the hyperglycaemic phase can be 
expected to have an increased sugar content, and this will be diluted with 
the previously and subsequently formed fluid so that there may be no 
demonstrable rise in the sugar content of the lumbar C.S.F. 

It is well established that the hyperglycaemia of diabetes mellitus is asso- 
ciated with a marked increase in the C.S.F. sugar (13), (14), and (15), but it 
has been postulated (12) that this rise is due to associated changes in the 
choroid plexus which result from diabetes and is not a simple result of the 
hyperglycaemia. 

In our investigation of this problem, we sought a method whereby a 
sustained hyperglycaemia could be produced by simple means in normal 
individuals. 

The experimental work undertaken can thus be discussed under two 
headings. (I) A study of methods for producing a sufficiently prolonged 
hyperglycaemia. (II) The effect of this hyperglycaemia on the C.S.F. sugar. 


1 Received January 24, 1936. 
[Q.J.M., New Series No. 18.] 
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I. The Production of a Sustained Hyperglycaemia 


A. The effect of repeated doses of glucose by mouth. There are but few 
references in the literature to the effects of repeated doses of glucose on the 
blood-sugar. Hamman (16) gave three doses of 100 grm. glucose at hourly 
intervals and found no appreciable change in the blood-sugar after the 
second and third dose. MacLean and De Wesselow (17) administered three 
doses of 50 grm. glucose at intervals of a quarter of an hour, and found that 
the interpolation of a second and third dose at the time when absorption is 
maximal fails to raise the height of the curve though the hyperglycaemic 
phase is thereby prolonged. It has been shown that a second dose of 
glucose given about one to one and a half hours after the first, causes a less 
marked hyperglycaemic response than the initial dose (18), (19), (20), and 
(21). Hansen (22) has shown that whilst after a single dose of 200 grm. 
glucose the blood-sugar level is not raised above that caused by a dose 
of 50 grm. glucose, the hyperglycaemic phase is somewhat prolonged. 
Taylor (23) gave single doses of 200, 300, and 400 grm. glucose to normal 
individuals, and found that the blood-sugar level returned to normal 
within three hours. Similar findings are recorded by May (24), who gave 
single doses of 1,000 grm. glucose to six natives. 

The response to 50 grm. glucose was investigated in four normal medical 
students. The test commenced three hours after a ‘standard breakfast’, 
consisting of one rasher of bacon, one egg, one ounce of bread and butter, 
and one cup of tea with sugar. This is the routine procedure adopted in our 
wards for glucose tolerance tests, as it is well known that the ability of 
the individual to metabolize carbohydrates is impaired by fasting. Estima- 
tions were made on capillary blood immediately after withdrawal, using 
the Folin-Wu technique. 

All four students (Table II) showed a normal glucose tolerance, the initial 
blood-sugar levels being reached within one and a half to two hours. In two 
cases (G. B. M. and J. F.) 50 grm. of glucose was then given at half-hourly 
intervals for two hours. In one case (A. R. B.) four doses of 50 grm. glucose 
were given within one hour, and in the other case (H. F. H.) within one and 
a quarter hours. The effect of these repeated doses was to prolong the 
hyperglycaemic phase, the blood-sugar at the end of two and a half hours still 
being above the initial level. The blood-sugar level, however, fell below 
150 mg. per cent. within one hour in two cases (A. R. B. and H. F. H.), and 
within one and a half hours in the other two cases (G. B. M. and J. F.), although 
glucose was still being administered. Prolongation of peak values was noted in 
two cases, the blood-sugar varying between 151-190 mg. per cent. (J. F.) and 
150-188 mg. per cent. (G. B. M.) for one hour. It is thus not possible to pro- 
duce a sufficiently prolonged hyperglycaemia by oral administration of glucose. 

Thalhimer, Raine, Perry, and Buttles (25) have shown that despite con- 
tinuous intravenous administration of glucose, at a constant rate, the blood- 
sugar level after the initial rise gradually declines. The explanation given 
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is that the mechanism for the utilization of sugar by the tissues is not greatly 
accelerated until the blood-sugar reaches a certain height. The activity of 
the mechanism increases as the blood-sugar rises higher until, at the peak of 
the curve, utilization rate overtakes and then surpasses the absorption rate 
despite the fact that absorption may still be at its maximum (26). One of 
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Fic. 1. Showing the effect on blood-sugar of— 


(1) 50 grm. glucose orally (O- —O). 
(2) 50 grm. glucose followed in } hour by } c.c. infundin subcutaneously (o—o). 
(3) } c.c. infundin alone (@--@). (See Table III, Case E. B. H.) 





the factors in this mechanism is probably an increased output of insulin. 
Stenstrém (27) and Burn (28) have shown that injections of pituitary 
extract antagonize the blood-sugar lowering effects of insulin; we therefore 
investigated the effect of combining glucose administration with injections of 
pituitary extract. 

B. Administration of glucose and pituitary extract. The routine adopted in 
this series of experiments was similar to that in our earlier series. The same 
subjects were used, but, in addition to glucose, subcutaneous injections of 
4 c.c. infundin (B. W. & Co.) were given at varying intervals during the test. 
In two subjects (A. R. B. and G. B. M.) three doses of } c.c. were given at 
half-hourly intervals; in one case (J. F.) two doses of } c.c. at a half-hourly 
interval; and in the remaining case (H. F. H.) two doses of $ c.c. at an 
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interval of one hour. Two subjects (L. H. and E. B. H.) were given a single 
dose of $ c.c. a quarter of an hour after the administration of 50 grm. 
glucose. In these latter two cases (Fig. 1, Table III) it can be seen that the 
infundin causes both a prolongation and increase of the height of the hyper- 
glycaemic curve, the maximum effect being attained in less than forty minutes 
after the injection of infundin. Peak values of 222 mg. and 214 mg. per 
cent. were reached, in contrast to values of 188 mg. and 150 mg. per cent. 
obtained after glucose alone. Moreover the blood-sugar remains in the 
region of 200 mg. per cent. for about three-quarters of an hour, and over 150 
mg. per cent. for one and a half hours. Similar, but more marked, effects 
were obtained in the series given repeated doses of glucose and infundin 
(Table II). In one case (A. R. B., Fig. 2) a peak value of 300 mg. per cent. 
was attained, the blood-sugar remaining at 207 mg. per cent. two and 
a quarter hours after the commencement of the test; in another case 
(G. B. M.) the blood-sugar continued to rise until it had reached 214 mg. per 
cent. at one and a half hours and was at 250 mg. per cent. one hour later. 
Some diversity of opinion exists as to the effect of pituitary extract alone 
on the blood-sugar. Many observers (29), (30), and (28) state that a tran- 
sient hyperglycaemia is produced ; others have failed to observe any change 
(31) and (28). To exclude the possibility that the high blood-sugar values 
found in our series might be directly due to the action of the infundin, 
a series of control experiments were carried out in which the blood-sugar was 
estimated at 15-minute intervals after the injection of infundin. These 
tests were made on the same individuals used in our previous series, so that 
comparable results were obtained. Two cases (L. H. and E. B. H.) received 
one injection of $ c.c. infundin, one case (H. F. H.) two injections of $ c.c. 
infundin after a one hour’s interval, and another case (A. R. B.) three doses 
of $ c.c. infundin at half-hourly intervals. The results are shown in 
Tables If and III. Marked hyperglycaemia was not noted in any of these 
experiments, the blood-sugar rising to 107 mg. per cent. from an initial level 
of 87 mg. per cent. half an hour after the injection of infundin in one case 
only. In several cases (A. R. B. and H. F. H.) the immediate response to 
the infundin was a transient lowering of the blood-sugar from 91 to 64 and 
81 to 71 mg. per cent. within fifteen minutes after the injection. These 
experiments demonstrate that the combined administration of glucose and 
infundin produces a heightened and sustained hyperglycaemia, and that it is 
possible to keep the blood-sugar constantly rising well above the normal 
limits for a sufficiently long period for the purpose of our experiments. 


Il. The Effect of Sustained Hyperglycaemia on the C.S.F. Sugar Content 


These investigations were carried out on a series of patients admitted to 
the wards showing no clinical evidence of organic nervous disease. The 
experiment commenced three hours after the patients had had their 
‘standard breakfast’, when (i) venous blood, (ii) capillary blood, and 
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(iii) C.S.F. by lumbar puncture were withdrawn. The lumbar puncture 
needle was left in situ throughout the experiment, the patient lying still on 
his side. He was then given 50 grm. of glucose orally and } c.c. infundin 
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Fic. 2. Showing the effect on the blood-sugar of— 
(1) 50 grm. glucose orally (O---O). 
(2) Four doses of 50 grm. glucose orally (o—o). 
(3) Four doses of 50 grm. glucose orally, combined with three subcutaneous injec- 
tions of 4 c.c. infundin (@-- @). 
(4) Three injections of } c.c. infundin subcutaneously (® ®). (See Table IT, 
Case A. R. B.) 





injected intramuscularly half an hour and one hour later. Blood and 

C.S.F. were again collected at one and a half hours and two and a half hours 

after the initial lumbar puncture, and the following estimations were made 

with each series of material: (i) the sugar of C.S.F., capillary, and venous 
[Q.J.M. New Series No. 18] N 
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blood, and (ii) the chloride content (as NaCl, using the Whitehorn method) 
of plasma, whole blood, and C.S.F. 

Chloride estimations were made for control purposes lest the injections of 
pituitary extract modified the volume of the C.S.F. or its rate of flow. It 
is said that a slight increase of flow results from such injections (32), (33), 
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Fic. 3. Showing the effect on the blood and C.S.F. sugar of 50 grm. glucose orally 
combined with } c.c. infundin intramuscularly, given 0-5 hour, and 1 hour after initial 
lumbar puncture. (Pooled result: see Table VI.) 


and (34), by increasing the intracranial pressure (35) and (36). If this 
occurred to any marked degree from changes in the water content of the 
fluid, it might invalidate our results, in so far as this increased flow of C.S.F. 
might cause variations in the sugar content of the C.S.F. not due directly 
to the hyperglycaemia. Chlorides, however, should also show variations 
under these circumstances, the tendency being to a lowering of the fluid 
chlorides. In our series of experiments there were no significant fluctua- 
tions in the chloride content of the C.S.F., whole blood or plasma, and we 
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consider that any direct action of the infundin on the choroid plexus is not 
a factor to be considered in interpreting our subsequent results. 

The results are set out in Table IV and show that in six out of nine cases 
appreciable rises in C.S.F. sugar were obtained. The initial values for C.S.F. 
sugar ranged from 46-68 mg. per cent., the average being 58 mg. per cent. 
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Fic. 4. Showing the effect on the blood and C.S.F. sugar of } c.c. infundin intra- 
muscularly, given 0-5 hour and 1 hour after initial lumbar puncture. (Pooled results: 
see Table VI.) 


At the end of one hour after the initial glucose and infundin the values were 
from 45-70 mg. per cent. with an average of 62 mg. per cent. The increases 
ranged from 1 to 15 mg. per cent. In two cases (Nos. 5 and 8) values were 
2 and 1 mg. per cent. below the initial value, and in Case 9 there was no 
change. 

Within two hours of the initial glucose and infundin six cases showed 
increases of 14-50 mg. per cent., two cases showed an increase of 5 mg. per 
cent., and one case no significant change. It is important to note, however, 
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that in the cases where no significant increases in C.S.F. sugar occurred 
(Cases 5, 8, and 9) the hyperglycaemia produced was not as marked as in 
the other cases, a point we will later consider. Appreciable increases in the 
C.S.F. sugar content were thus obtained in six cases, the highest increase 
being one of 100 per cent. (Case 7). The results of all the nine cases have 
been summarized in Table VI and are shown graphically in Fig. 3. It will 
be seen that the C.S.F. sugar increased by 7 per cent. within one hour, and 
by 31 per cent. within two hours after the initial glucose and infundin. 
Thus but little rise occurs after one hour, the period during which the 
blood-sugar is rising, but when the blood-sugar has been maintained at a 
high level for a further period of one hour an appreciable increase occurs in 
the sugar of the C.S.F. 

A control series of five cases were given infundin alone. The results are 
shown in Table V and Fig. 4. Infundin did not produce any significant 
change in the sugar content of the C.S.F. These results, taken in con- 
junction with the chloride estimations in our previous series, demonstrate 
that the factor responsible for the increases in the C.S.F. sugar is the 
hyperglycaemia, and that the action of infundin per se does not affect the 
results. 


Discussion 


Simultaneous estimations of the sugar in blood and C.S.F. have been 
carried out by various workers and are discussed in the previous paper. 
These results indicate that the blood—C.S.F. barrier inhibits in some degree 
the passage of glucose from blood to C.S.F. But it will be necessary to 
repeat these experiments on ventricular fluids, since these represent more 
accurately than the lumbar fluid the composition of C.S.F. at its source. Our 
own observations, however, agree with those previously recorded in that the 
average ratio between C.S.F. and blood sugar is 70 per cent., the outside 
limits being 52 and 94 per cent. respectively. 

We have quoted previous workers in this field who have found that there 
is but little rise in the C.S.F. sugar content after the ingestion of glucose, 
and this has led to the statement that the choroid plexus must selectively 
withhold sugar from the C.S.F. (12). Our results establish that significant 
rises in C.S.F. sugar do occur provided the hyperglycaemia is sustained, and 
afford no support to the suggestion that the choroid plexus prevents in some 
specific way the passage of glucose into the C.S.F., though there are 
indications of a possible ‘threshold’ effect, e.g. in cases 5, 8 and 9 
(Table IV), where the rise in the blood-sugar is small and but insignificant 
change in the C.S.F. sugar is found. 

Animal experiments also tend to confirm our findings in man. Ino (37), 
Grazel and Orent (38), Katzenelbogen (39), Cohn, Levinson, and McCarthy 
(40) administered glucose intravenously to animals, and noted marked 
increases in the C.S.F. sugar, the rise in the C.S.F. lagging behind the rise 
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in the blood, the maximum rise in the C.S.F. occurring between 1-2 hours 
after the injection of glucose. Variations in blood-sugar produced by 
insulin (41) and (39), or adrenalin (39) and (42) are also closely followed by 
significant changes in the C.S.F. sugar. Animal experiments thus tend to 
show that a definite relationship exists between the blood-sugar and C.S.F. 
sugar, and our experiments confirm the relationship for man. 


Summary 


1. Repeated doses of glucose alone by mouth prolong but slightly the 
hyperglycaemia produced by a single dose. 

2. A sustained hyperglycaemia follows the combined administration of 
glucose orally and infundin subcutaneously. 

3. The hyperglycaemia so produced is accompanied by an appreciable rise 
in the sugar content of the cerebrospinal fluid. 

4. Infundin alone produced no significant change in either the sugar or 
chloride content of the cerebrospinal fluid. 


Conclusion 


If the sugar content of blood is raised for a sufficient period, there is 
a demonstrably significant rise in the sugar content of the cerebrospinal 
fluid. 


We desire to express our thanks to the students who volunteered as 
subjects for this investigation. 
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TABLE I 


Summary of Literature 


Method of producing 
hyperglycaemia. 


125 grm. glucose orally 


Injections of adren- 
alin 
(1) Glucose tolerance 
test 


(2) Intravenous glu- 
cose 


50 grm. glucose orally 


1-5 grm. glucose, per 
kilo body - weight, 
orally 


100grm. glucose orally 


(1) 50 grm. glucose in- 
travenously 

(2) 50 grm. glucose in- 
travenously 

(3) 60 grm. glucose in- 
travenously 


100 grm. glucose + 0-6 
grm. adrenalin sub- 
cutaneously 


1 grm. glucose, per 
kilo body - weight, 
orally 


Jacobsen (10) (1932) Glucose + adrenalin 


Dobreff and Sapr- 


janoff (11) (1932) 


Cummings and Car- 
michael (12) (1934) 


100 grm. glucoseorally 


50 grm. glucose orally 


C.S.F. glucose varia- 
tions. 


No rise 


Rises of 20-35 mg. % 
within 14 hours 

(1) 3 cases: rise of 3,4 
and 6 mg. % within 
50 mins. 

(2) 1 case: increase of 
9 mg. % 

4 cases: increase in 
all. Highest 33 mg. % 
within 3 hours 


4 cases: increase of 
from 4-16 mg. %. 
Maximum at 4 hours 


2 cases: no change 

15 cases: increase of 
6 mg. % 

13 cases: decrease of 
5 mg. % 


(1) Rise of 3 mg. % 
45 mins. later 

(2) No rise 5 mins. 
later 

(3) Rise of 36 mg. %. 
1 hour later 


Rises of 20-30 mg. % 
within 2-24 hours 
later 


Rise in all cases 14-2 
hours after glucose. 
Greatest increase in 
cases of epilepsy 

(1) Rise of 6 mg. % 
1 hour later (lumbar 
fluid) 

(2) Risa of 71 mg. % 
1 hour later (cisternal 
fluid) 


15 cases: rises up to 
28 mg. % 

13 cases: no rise. 
Estimations made 
from 30 mins. to 
4 hours 40 mins. 
after glucose 


No rise up to 5 hours 
later 


Remarks. 


Nerve cases 


Cases of acute en- 
cephalitis leth- 
argica 


Cases of syphilitic 
disease of C.N.S. 
Preliminary 
lumbar puncture 
and estimation 
of C.S.F. glucose 
performed two 
weeks before this 
experiment 


Nerve cases, 
mainly epileptics 


Nerve cases 


Epileptics 


Nerve cases 


Case with no or- 
ganic disease of 
C.N.S. 
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TaBLeE II 


Showing the Effect on the Blood-sugar Content (in mg. per cent.) of (1) 50 grm. Glucose, 
(2) Repeated Doses of Glucose, (3) Repeated Doses of Glucose and Infundin, and 
(4) Repeated Doses of Infundin. 








A.R. B. J." G. B. M. 
4 “\ i: * 
1. 2. 3. 4 a. 2 3 a. 2. 3. 
as 2 ‘. + oe + 
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2 $ 8 68 a 5 3 8.8 & 3 o § 
23 2 32 3 § & 32 2 8 8% 
sf eb tS mam dD DMS DW DW WE 
S ¢ ¢ gS #8 ¢ g¢ gh g g gS 
» EB & & « & G6 Es 6 O& Es 
= = ° o°? ° — s > ~ o ° °° 
H Yo Ye] WD mer fy Ye) 6 wD eto Y-) Ye] 1D ee 
0 *102 *97 *111 — *103 *101 *791 *86 *102 *73 
4 120 *150 *7167 791 188 166 140 125 167 +120 
3 143 174 194 64 176 *151 *f158 154 *188 *143 
Z 113. *150 *+207 7100) =—s:113 162 207 125 171 = «=7120 
1 125 *123 *231 97 120 *190 *181 113 *160 *140 
1} 117 136 240 +100 83 158 171 98 150 +181 
14 107 139 300 63 70 *136 *207 86 *143 *214 
1? 89 133 250 87 79 130 146 75 130 207 
2 81 111 261 89 81 120 102 68 125 250 
2} — 115 207 77 82 115 115 — 128 240 
2 — 115 167 85 ia 115 107 — 123 250 


Time in 
hours. 


i] 


tae ore Omar TC ers) 


9 DOD ee 


* 50 grm. glucose given at this time. 
+t 4.¢.c. infundin given subcutaneously at this time. 


TasLeE III 


Showing the Effect on the Blood-sugar (mg. per cent.) of (1) 50 grm. Glucose, 
(2) 50 grm. Glucose and } c.c. Infundin Subcutaneously, and (3) } c.c. 
Infundin Subcutaneously. 





L. H. 
f pe ‘N 
. 2. 3. 
50 grm. 

50 grm. glucose and }c.c. in- 
glucose. 4 c.c. in- fundin. 
fundin. 

*83 pe | | 105 
103 +98 +103 
150 130 105 
125 140 105 
123 200 102 
120 200 98 
133 214 105 
120 181 103 
97 154 — 

— 143 _— 
_ 136 _ 





H. F, H. 
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g gg 3 
$5 33 | 
=< ~~ 
. ££ ££ 
2s 8 ga 4 
So & 89 § 
ao cs ~S 2 
i g ga & 
E b> 8 ¢ 
3 S Sa 
*95 *95 *71 86 
181 150 7120 = +86 
176 *154 *130 71 
158 *136 *146 107 
100) =6117 194 105 
91 *113 *f181 7102 
100 103 143 91 
86 123 115 107 
75 113 136 100 
— 104 130 — 
— 107 136 — 





5, Ban. 
: 2. 3. 
50 grm. 
50 grm. glucose 4 c.c. 
glucose. and}c.c. infundin. 
infundin. 

*111 *91 98 
188 7154 791 
154 150 97 
133 207 95 
125 222 94 
125 214 91 

88 194 91 
79 154 89 
81 125 — 
— 102 _ 


* 50 grm. glucose given at this time. 
T 4c.c. infundin given subcutaneously at this time. 
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TaBLE IV 
Cose, Showing Changes in Blood and C.S.F. Sugar ; and Chlorides of Plasma, Whole 
and Blood and C.S.F., after Administration of 50 grm. Glucose and } c.c. In- 
fundin at $ hour and 1 hour 
Sugar (mg. %). Chlorides. 
- Experiment Time 4 . 

4, ENO in Ca il- C.S.F. Whole 
: hours. P Venous. C.S.F. varia- Plasma. jioog. ©-5-F. 

’ —* tions. wea 

2 

i (1) J.C. 0 100 100 67 ste 580 484 728 
i Dyspepsia 1} 214 200 70 +3 584 472 724 
a 23 154 181 81 +14 588 492 716 
3 (2)W.C.H. 0 97 94 57 _ 568 448 672 
3 Asthma 1} 194 146 58 +1 560 460 676 
& 23 214 200 81 +24 560 456 684 

g (3) J. Y. 0 86 75 500 600 514714 
ae Peptic ulcer 14 154 146 59 +9 604 506 712 

86 23 115 105 67 +17 608 502 712 
= (4) H.C. 0 97 91 58 _ 584 490 700 
‘ bn Sinus dis» 1} 287 292 67 +9 588 510 = 706 
ne ease. (Post- 24 273 240 79 +21 606 5052s 7114 

+102 operative) 

91 (5) D. B. 0 98 — 62 — 657 550 739 
107 Dyspepsia 14 167 —_ 60 —2 — — 736 
100 23 171 — 67 +5 — —~ 7136 
re (6) J. C. 0 102 102 68 — 596 484 736 

Thrombo- 14 250 273 70 +2 608 490 728 
angiitis 24 261 300 91 +23 614 504 732 
(7) D. K. 0 92 92 50 — 552 502 732 
?Abdominal 1} 214 214 65 +15 540 490 740 
T. B. glands 24 188 174 100 +650 566 480 740 
(8) M. C. 0 88 86 46 _ 516 452 740 
Bronchi- 1} 158 154 45 a | 566 484 7132 
ectasis 24 123 105 47 +1 576 474 738 
(9) E. J. 0 92 95 63 — 552 484 724 
Arthritis 14 140 128 ' 63 0 560 496 722 


24 158 158 68 +5 566 502 728 
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TABLE V 


Blood and C.S.F. Sugar ; Plasma, Whole Blood, and C.S.F. Chloride; Values 
after 5 c.c. Infundin injected at 4 hour and 1 hour 








; Sugar (mg. %). Chlorides. 
Experiment Time os : Re 
No Capil- a Whole 
; hours. 1 P Venous. C.S.F. varia- Plasma. blood C.S.F. 
_— tions. sent 
(1) M. H. 0 86 89 60 — 592 534 760 
Dyspepsia lk 102 107 62 +2 580 536 756 
24 95 103 66 +6 588 536 758 
(2) M. A. 0 120 117 63 — 612 504 742 
Arthritis 13 130 128 65 +2 606 512 740 
23 120 118 65 +2 592 472 744 
(3) S.C. 0 97 82 63 = 568 488 748 
Peptic ulcer 14 107 112 65 +2 604 484 752 
24 107 104 64 +1 596 482 742 
(4) A. W. 0 100 100 67 - 588 472 688 
Peptic ulcer 1} 117 133 67 0 582 482 684 
24 102 100 65 —2 548 464 690 
(5) W. B. 0 88 77 56 — 578 464 718 
Peptic ulcer 1} 88 100 57 +1 582 470 722 
23 90 94 57 +1 582 492 720 
TaBLE VI 


Summary of Results Showing Effect on Blood and C.S.F. Sugar of the Ad- 
ministration of (1) Glucose Combined with Infundin, and (2) Infundin Alone 


— Capillary blood-sugar. C.S.F. sugar. 
° * Se, , 
Experiment No. Z in Average % Average % 
— gon S. Increase, mg. %. Increase. 
(1) 50 grm. glucose and }c.c. 0 94 — 58 _ 
infundin intramuscularly 1} 198 111 62 7 
given at 4 hour and 1 hour. 24 183 94 76 31 
(9 cases) 
(2) 4 ¢.c. infundin intra- 0 98 — 62 _— 
muscularly. (5 cases) 1} 109 10 63 1-6 
24 103 5 63 1-6 








— 
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THE GLUCOSE CONTENT OF CEREBROSPINAL FLUID 
AFTER WITHDRAWAL! 


By HENRY COHEN anp JULIUS LIBMAN 
(From the Department of Medicine, University of Liverpool) 


In 1925 Greenfield and Carmichael (1) stated in their monograph on 
cerebrospinal fluid : ‘When the fluid is withdrawn from the body and kept 
under aseptic conditions, the glucose percentage remains unaltered for an 
indefinite period.’ 

In 1927 Chevassut (2) stated that the sugar content of sterile normal 
C.S.F. began to diminish immediately after withdrawal; within one day, 
50 per cent. of the sugar had disappeared, and after five days a slight trace 
only of sugar persisted. She therefore postulated the presence of a glyco- 
lytic ferment in normal C.S.F., the activity of which was most marked at 
37° C. Mott (3) and Chevassut appear to be the only English investigators 
of this problem. The results of subsequent investigators did not support 
Chevassut’s work. Hubbard and Wilson (4) incubated a series of fluids for 
twenty-four hours at 37° C. and noted no significant changes in the sugar 
content. Neilsen (5) found no change in normal sterile fluids kept at room 
temperature or at 37° C. for as long as three weeks. Fasold and Schmidt (6) 
also obtained similar results. 

There is, however, still a general impression amongst clinical pathologists 
that sugar disappears from sterile C.S.F. if this is kept in the laboratory for 
some time. As it was necessary for us in a further investigation to know 
accurately the rate of this diminution, if it occurred, we carried out the 
following tests. 

Samples of C.S.F. were obtained from cases with suspected disease of the 
nervous system, and in a few cases specimens were obtained from patients 
with no clinical evidence of organic nervous disease, who were being investi- 
gated for other conditions. Sterile fluids only were used. The specimens 
of fluid were kept at room temperature or at 37° C., and estimations of the 
sugar content (using the Folin-Wu technique) were made at varying 
periods up to forty-nine days. The results are set out in Table I, which 
shows that in no case was there any significant lowering of the sugar con- 
tent. The one specimen of C.S.F. which was kept at 37° C. for forty-nine 
days showed a loss of 9 mg. per cent. glucose, but this does not support 
Chevassut’s work, as in her cases after five days the C.S.F. sugar had 
diminished to 10 mg. per cent. from an initial 100 mg. per cent. 

1 Received January 24, 1936. 
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TABLE I 


Case 1. (D. E. J.: Epilepsy) 
Time after lumbar puncture (L.P.) 
Glucose content of C.S.F. (kept at room temperature 
(R.T.)) in mg. % 


Case 2. (C. G.: Epilepsy) 
Time after L.P. 
Glucose content of C.S.F. (kept at R.T.) in mg. % 


Case 3. (J. M.: Headaches) 
Time after L.P. 
Glucose content of C.S.F. (kept at R.T.) in mg. % 


Case 4. (W. B.: Peptic ulcer) 
Time after L.P. 
Glucose content of C.S.F. (kept at R.T.) in mg. % 


Case 5. (S. C.: Peptic ulcer) 
Time after L.P. 
Glucose content of C.S.F. (kept at R.T.) in mg. % 


Case 6. (A. W.: Peptic ulcer) 
Time after L.P. 
Glucose content of C.S.F. (kept at R.T.) in mg. % 


Case 7. (M. K.: Peptic ulcer) 
Time after L.P. 
Glucose content of C.S.F. (kept at R.T.) in mg. % 


Case 8. (L. C.: Bronchiectasis) 
Time after L.P. 
Glucose content of C.S.F. (kept at R.T.) in mg. % 


Case 9. (G. M.: Taboparesis) 
Time after L.P. lhr. 4 hrs. 
Glucose content of 

(a) C.S.F. (kept 53 53 49 49 
at R.T.) in 
mg. % 
(b) C.S.F. (kept 53 — — “= 
at 37°C.) in 
mg. % 
Case 10. (E. F.: Epilepsy) 


Time after L.P. 
Glucose content of 


(a) C.S.F. (kept at R.T.) in mg.% 61 63 


24hrs. 48 hrs. 


1 hr. 4 hrs. 


(6) C.S.F. (kept at 37°C.) in mg. % 61 — 
Case 11. (W. P.: Hemiplegia) 
Time after L.P. 5 hrs. 5 days 


Glucose content of C.S.F. (kept 100 100 
at 37°C.) in mg. % 


Case 12. (J. J. M.: Intracranial tumour) 
Time after L.P. 5 hrs. 
Glucose content of C.S.F. (kept at 37°C.) in 75 
mg. % 


Case 13. (E. H.: Intracranial tumour) 
Time after L.P. 
Glucose content of 
(a) C.S.F. (kept at R.T.) in mg. % 55 
(b) C.S.F. (kept at 37°C.) in mg. % 55 


} hr. 


1 hr. 
67 


5 hrs. 


62 


} hr. 
58 


3 hrs. 


57 


3 hrs. 


64 


3 hrs. 


67 


3 hrs. 


100 


3 hrs. 


47 


73 hrs. 


49 


24 hrs. 


59 


5 days 


77 


24 hrs. 


53 
56 
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5 hrs. 
67 


19 hrs. 
58 


5 hrs. 
62 


27 hrs. 
55 


80 hrs. 
63 


27 hrs. 
62 


99 hrs. 
100 


99 hrs. 
49 


6 days 


54 


5 days 


60 


48 hrs. 


55 


— 


24 hrs. 
62 


43 hrs. 
59 


24 hrs. 
58 


51 hrs. 
57 


51 hrs. 
67 


13 days 


52 


8 days 


58 


49 days 


46 
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Moreover, in contrast to the results of Chevassut, we have found that 
glucose added to the C.S.F. is quantitatively recovered at periods up to 
ninety-four hours after withdrawal of the fluid, as shown in Table IT. 

If, however, the C.S.F. becomes contaminated with micro-organisms (we 
found B. subtilis the common invader), the sugar content rapidly falls, e.g. 
sugar in a fluid which became contaminated fell from an initial 70 mg. to 
28 mg. per cent. within fifty-four hours and had practically disappeared in 
seventy-four hours. 


TABLE II 


(The glucose solution containing 106 mg. % was added to an equal quantity of C.S.F. 
in these experiments, and the results below are expressed in mg. %.) 


Time in hours. 1. 6. 23. 28. 48. 94. 

1. A. E.: Peptic ulcer (a) C.S.F. 68 69 66 68 66 65 
(b) C.S.F. + glucose 87 86 85 86 84 86 

2. F. A.: Cerebral (a) C.S.F. 58 57 57 58 56 55 
tumour (6) C.S.F. + glucose 85 83 85 86 86 83 

3. T. B.: Asthma (a) C.S.F. 64 65 68 65 66 68 


(b) C.S.F. + glucose 88 86 86 89 87 86 


The results of our investigation confirm the work of Mott, Hubbard, and 
Wilson, Neilsen, Fasold and Schmidt, and others, in demonstrating that 
the glucose content of C.S.F. after withdrawal from the body remains un- 
altered for an indefinite period provided it is not contaminated by micro- 
organisms. 
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THERAPEUTIC PYREXIA BY MEANS OF SHORT RADIO 
WAVES? 


By F. J. NATTRASS anp S. F. EVANS 
(From the Newcastle General Hospital) 


LITTLE has been written in this country on the use of electrical methods 
of therapeutic pyrexia, and nothing on the use of short radio waves for this 
purpose, though the subject is attracting considerable attention in America 
and on the continent of Europe. In this paper we endeavour to outline the 
development of this treatment: to give an account of experimental work in 
the use of short waves for producing pyrexia: and to present the results of 
the clinical use of the method in a limited field during the past two years. 


(a) Development of Fever Therapy 


The introduction of malarial therapy for dementia paralytica by Wagner- 
Jauregg in 1918 revolutionized the treatment of this disease. But many 
other methods have been used to produce artificial fever. Wagner-Jauregg 
himself suggested the use of malaria thirty years before he actually employed 
it, and during the intervening years he obtained considerable successes by 
other means. 

In general, methods of therapeutic pyrexia fall into the following groups: 
(1) inoculation of infective organisms: malaria, relapsing fever, rat-bite 
fever. (2) protein shock therapy: injections of milk, egg albumin, peptone, 
T.A.B. vaccine, tuberculin, staphylococcal vaccine, B. coli vaccine (pyrifer), 
&c. (3) injection of chemical agents, e.g. sulphur in olive oil. (4) hot water 
baths. (5) electrical methods. 

Of the infective agents malaria has proved by far the most efficient. Its 
superiority over other methods raises the question whether the curative 
effects are due specifically to the malarial organism. The fact, however, that 
all the different methods have proved effective, though in very varying 
degree, has led workers throughout the world to an increasing conviction 
that fever alone is the essential element in the treatment. If this conclusion 
proves to be correct those methods will be adopted by which the desired 
level and duration of fever can be attained with the greatest safety and 
comfort for the patients. During the past ten years claims have been 
advanced from many directions that these criteria are fulfilled by purely 

1 Received December 20, 1935. 
[Q.J.M., New Series No. 18] 
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physical methods, which in general lend themselves to greater precision and 
more complete control than is possible when an infective agent is introduced 
into the body or the defensive mechanisms are stimulated by the injection 
of a foreign protein or drug. As Hinsie and Blalock (31) remark ‘ if it 
becomes known that heat itself is the major determinant in the procedures 
under investigation, it will obviously be easier to all concerned to shut off a 
switch than it will be to rid the system of an invading organism’. No 
finality has been reached, but gradually improved means are being evolved, 
and those less reliable abandoned. Before describing the particular method 
with which we are working, a short account is desirable of the development 
of the subject in recent years. 

Schamberg and Tseng (11) showed that it was possible to raise the tem- 
perature as high as 106° F. by means of hot water baths, and Mehrtens and 
Pouppirt (18) used this method in the treatment of eleven cases of dementia 
paralytica, and concluded that the results compared well with those of 
malarial therapy, though the series was too small to permit a final opinion. 
A case of taboparesis treated by this plan was reported from Bath by 
Gibson and Gordon in 1931 (107). It is of interest to remember that the 
hot springs of Kusatu in Japan, with temperatures up to 160° F. have been 
used in treatment, especially of syphilis and arthritis, for centuries. Hot 
water baths, however, are too debilitating and distressing for prolonged fever 
treatment, and have been replaced by other methods, as Mehrtens (3) him- 
self emphasized in a discussion on diathermy. 

The production of fever therapy by electrical means has developed in 
several directions. 

1. Diathermy, so far as the production of general pyrexia is concerned, 
was introduced by Neymann and Osborne of Chicago. They gave a pre- 
liminary report of their work in 1929, since when they have published 
several papers on the subject (1 to 9). With diathermy, a closely fitting 
jacket containing large electrodes covers the greater part of the front and 
back of the trunk. In addition the patient is enclosed in rubber sheets and 
seven to nine blankets. This method has proved to be highly efficient 
and controllable, and has been used in some hundreds of cases, mostly 
dementia paralytica, reported from several countries, chiefly from America. 
As regards dementia paralytica Neymann and Osborne (1) claim that the 
remission rate with diathermy is double that produced by malaria. 
Koenig (3) reported that 45 per cent. improved with malaria, 48 per cent. 
with diathermy: but of the improved cases diathermy gave 24 per cent. of 
complete remissions, malaria 9 per cent. Neymann and Koenig (4) com- 
pared the results of malaria, rat-bite fever and diathermy and found the 
highest remission rate with diathermy. Other reports are far from uniform, 
but from all the important conclusion emerges that the mortality from 
diathermy is much smaller than from malaria. In several series, including 
Neymann’s and Koenig’s, the mortality rate is nil, and Neymann (9) recently 
estimated the rate to be 2-5 per cent. from all the figures available. The 
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same author states that the death rate from malarial treatment ranges 
between 10 per cent. and 20 per cent. Meagher (17), reporting on malaria 
treatment for the Board of Control, found that 13-6 per cent. of the patients 
treated died within two months of inoculation, and Caldwell (28) found the 
comparable figure in his series to be 10-8 per cent. It is of course difficult to 
determine how far the treatment is directly responsible for death, as is 
shown, for example, by some figures of Rudolf (10): of 29 deaths occurring 
after the inoculation of 96 cases with malaria, 5 died without malaria 
developing, 7 while fever or parasites were still present, and 17 after the 
cessation of the malaria. Hinsie and Blalock (31) refer to Wagner-Jauregg’s 
opinion that with experience and proper care direct fatality from malarial 
treatment should be a remote possibility. We feel, however, from a study 
of the literature that a strong case has been made out for the relative free- 
dom from danger of the electrical methods of fever therapy. 

In spite of the efficiency of diathermy the method is clearly open to certain 
objections. With due care burning can be almost eliminated, but the 
necessity of enclosing the patient in a closely fitting jacket and many 
blankets is a serious disadvantage from the points of view both of comfort 
and of observation of the patient. In fact with the advance of knowledge 
this method seems to be giving place to others. 

2. Various forms of electrically heated cabinets have been employed. The 
electric light cabinet, as reported, for example, by Hoverson and Haw- 
thorn (82), and Hoverson and Morrow (83), raises the temperature of the 
body to 103 or 104° F. in from 2 to 3 hours, and thereafter, when the current 
is cut off, a further rise occurs to 105 or 106°. In our opinion, the length of 
time (2-3 hours) needed to reach the required temperature is a serious 
defect, because, as Desjardins (103) points out, the patient becomes fatigued 
before the level is reached which it is desired to maintain for several hours. 
_ At the Mayo Clinic the air-conditioned chamber known as the Kettering 
hypertherm is strongly favoured. In this heated and humidified air is 
introduced from an apparatus which is itself outside the chamber: the 
patient’s body is entirely free within the chamber and can be kept under 
constant observation. In general, the desired level of fever can be reached 
in 90 minutes. At the Mayo clinic the treatment has been used chiefly for 
gonorrhoea and its local complications, for gonorrhoeal arthritis, and for 
chronic infective arthritis: also for a few cases of neuro-syphilis. The treat- 
ment of gonorrhoea and gonococcal arthritis is one of the most striking 
successes of fever therapy. Evidence of this comes from several sources. 
Stuhler (103), of the Mayo Clinic, reported on the treatment of acute and 
chronic urethritis or cervicitis in twenty-nine cases, twenty-five of which 
completed treatment and were cured: by ‘cure’ he meant cessation of 
discharge and disappearance of gonococci and all symptoms. The average 
number of pyrexias given was 4:6. Hench and Slocumb (103), reporting 
from the same clinic on sixteen cases of gonococcal arthritis, found that 90 


per cent. were cured or markedly relieved. They defined cure as complete 
[Q.J.M. New Series No. 18] Oo 
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relief of all signs and symptoms and complete restitution of function to 
the joint without residual destruction or ankylosis. Four to six pyrexias 
were employed with intervals of three to four days. Hench, Slocumb, and 
Popp (102) reviewed the published reports in gonococcal arthritis and state 
that complete relief is reported in a total average of 92 per cent., and that 
only occasionally patients are not markedly benefited. 

The aim of these workers in gonorrhoeal infections is to maintain a rectal 
temperature of 106-107° for from 5 to 8 hours: this temperature appar- 
ently exceeds the lethal level for gonococci, which has been determined 
in vitro by Carpenter, Boak, Mucci, and Warren (27). Possibly this explains 
the singular success of pyrexia in gonorrhoea, but the effect of the treatment 
in other conditions, in which the lethal level of the causative organism is 
higher than can be applied therapeutically, shows that actual destruction of 
micro-organisms is not an essential element in success. 

3. Several workers favour the electric blanket, claiming for it simplicity, 
inexpensiveness and safety, and results equivalent to those of malaria and 
diathermy. The patient is first wrapped in ordinary blankets and then 
enclosed in a large electric blanket with a two stage (5-0 + 2-4 amp.) control 
of the current. The current is cut off when the temperature reaches 102:8°, 
and the latter then continues to rise to 105° or 106°: after maintaining this 
height for one hour the patient is unwrapped. By this method a tempera- 
ture of 104° is reached in about two hours, and the complete fever curve 
extends over about five hours. Reports on the electric blanket have been 
published by Epstein and McHugh (98), and by Wilgus and Lurie (39). 

4. The development of therapeutic pyrexia by short radio waves makes 
an interesting story. It is described in a paper by Carpenter and Page 
from the Research Laboratory of the General Electric Company of America 
(25). It began with the observation of Dr. W. R. Whitney, Director of the 
Research Laboratory, that there is an elevation of the body temperature of 
men working in the field of a short-wave radio transmitter. This led to 
experimental work by Hosmer (16), on the heating effect of these waves on 
salt solutions and on animals, by Carpenter and Boak (24) and others: 
finally Carpenter and Page devised an apparatus applicable to man. The 
equipment used is on the same principle as a short-wave radio trans- 
mitter except that the energy is concentrated between two condenser plates 
instead of being directed from an aerial. 

The first paper on the clinical aspects of the new method was the ad- 
mirably judicial study of Hinsie and Blalock from the New York Psychiatric 
Clinic (31). These workers determined to use only the G.E.C. radiotherm of 
Carpenter and Page, excluding the possible influence of all accessory treat- 
ment such as tryparsamide, and to make a careful comparison with a group 
of cases treated only by malaria. They estimated that ten treatments each 
giving a temperature of over 102° for seven hours, on alternate days, would 
be equivalent to a course of benign tertian malaria. They treated sixty-eight 
patients with radiothermy and made their comparison with a closely 
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analogous group of sixty-eight malaria-treated patients. Their observations, 
which repay detailed study, led to the conclusion that the results as regards 
improvement were practically identical in the two groups, but that the 
mortality was lower in the radiothermy group, and that the patients in this 
group were subject to far less severe stress. 

Very shortly afterwards Bierman (49) reported the results of treatment of 
one hundred cases with the G.E.C. machine, the cases including paresis, 
tabes, disseminated sclerosis, the Parkinsonian syndrome, chorea, and by a 
combination of local and general pyrexia, pelvic inflammatory disease. 
Other papers are named in the bibliography. 

5. Schliephake of Jena (100, 101) is the originator of ultra-short wave 
therapy, ie. irradiation with waves in the range between 3 and 10 m., 
considerable significance being attached to the choice of the appropriate 
wave-length for the condition under treatment. The rationale of his treat- 
ment appears to be based on the hypothesis that there are effects produced 
by short waves which cannot be ascribed to heat, and which vary consider- 
ably with the wave-length employed. In the absence of first-hand experience 
we do not feel justified in attempting to discuss this work. As far as 
dementia paralytica is concerned the method advocated by Schliephake is 
that of direct radiation of the head with a powerful source of high frequency 
energy working on a wave-length of 12 metres: but no details of clinical 
results are given in his book (English translation 1935) (101). 

The only records of the experience of British observers with Schliephake’s 
method are concerned with conditions other than dementia paralytica (88, 
96, 104): recently this form of therapy also formed the subject of somewhat 
critical comment in the editorial columns of the Journal of the American 
Medical Association (106) and of the British Medical Journal (105). 

Before concluding this summary of the development of pyrexial therapy, 
_ we would refer briefly to the chief diseases which have been treated thereby, 
in addition to dementia paralytica and gonococcal infections, the two condi- 
tions in which clearly the greatest benefit has been obtained. Neymann (1) 
describes very favourable results by diathermy in tabes, especially in the 
arrest of crises and lightning pains: ataxia also improved. Up to 1934 he 
treated six cases: in one, in addition to the above effects, the knee-jerks 
returned and the pupil reactions became normal. Similar effects on subjec- 
tive symptoms are described by Bierman (49, 50), Epstein (71), and others. 
Neymann (1) treated seven cases of syphilitic optic atrophy by intensive 
pyrexia with results which showed ‘some promise’: four of the seven 
patients retain what sight they had. He also reports ‘ excellent results’ in 
resistant cases of cerebrospinal syphilis. In a paper with Osborne (8) he 
describes the treatment of twenty-five cases of disseminated sclerosis. 
44 per cent. were much improved, and 40 per cent. less improved; the 
authors recognize the extreme difficulty of estimating results in this disease, 
and emphasize that they make no claims. 

Several papers have been published on the effect of artificial fever on 
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asthma, another disease in which the results of treatment are notoriously 
difficult to estimate. Feinberg, Osborne, and Steinberg (43), writing in 1932, 
reported upon the treatment of forty-two cases of intractable asthma by the 
diathermy method of Neymann. 70 per cent. of the cases were complicated 
by emphysema, chronic bronchitis or bronchiectasis. They found the treat- 
ment to be a safe one, and in thirty-five of the cases the results showed 
51 per cent. of complete remissions for periods varying from several days to 
nine and a half months, and 29 per cent. of improved cases. They aimed 
at the maintenance of a temperature of 104° for eight hours, and usually 
gave two treatments with an interval of two or three days. 

Neymann advises pyrexia for the treatment of Sydenham’s chorea, and 
reports ‘ astoundingly good’ results (9). 

As might be expected, chronic arthritis, presumably infective but non- 
gonococcal, has been treated fairly extensively by fever. The results are far 
inferior to those in gonococcal arthritis, and are not markedly, if at all, 
superior to those of existing methods of treatment not involving general 
pyrexia. Summarizing the reported cases, Hench and Slocumb (103) say 
that notable improvement is recorded in about a third of the cases, while as 
we have already noted, 90 per cent. of cases of gonococcal arthritis are 
reported to be either cured or much relieved. 

Metabolic changes associated with therapeutic fever. Many papers have now 
been published by biochemists, physiologists, and bacteriologists dealing with 
the changes accompanying artificial fever. The literature has been sum- 
marized by Hench, Slocumb, and Popp (102), Bierman (49), Neymann (1), 
and others. Confirmation is given of such evidence of general increase of 
metabolic activity as increased pulse rate, increased cardiac output, and 
increased capillary circulation in the nail beds. The blood pressure shows 
an initial rise and a subsequent fall as pyrexia continues. There is no 
change in blood volume or viscosity if the intake of fluid is encouraged. The 
red blood cells usually show no change (again if fluid is taken freely): the 
leucocytes show an initial fall and then rise to about 15,000 per cm. Blood 
urea, uric acid, and creatinine show no change or a slight increase due to 
blood concentration. The same is true of the blood-sugar, blood phosphorus, 
plasma lipoids, and serum calcium. The serum protein does not change. 
There is a slight alteration of the acid-base equilibrium of the blood towards 
the alkaline. 

The most important phenomena are the marked fall in blood chlorides (70) 
and the associated disappearance of free hydrochloric acid from the stomach 
(69). These changes show the need for copious saline drinks during treat- 
ment, a need supported by clinical experience. 

Several workers have estimated that the basal metabolic rate increases by 
7 per cent. for each degree of fever (7, 50, 57). 
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(b) Technique of the Treatment 
In 1932 experiments were begun at Armstrong College in the use of high 
frequency fields to raise the body temperature. The apparatus evolved was 
described in an earlier paper (67) and was capable of producing temperature 
rises of the order of 2° per hour. 
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Fic. 1. Diagram to show position of patient and electrodes. 


The erection of an apparatus for clinical experiments was begun in 
January 1933, at the Newcastle General Hospital. A number of modifica- 
tions were found necessary, and the treatment of patients did not begin until 
October 1933. Details of the technical aspects of the work are omitted from 
this paper, but the following is a brief account of the final design and manage- 
ment of the apparatus. 

The patient lies in a cabinet on a stretcher made of strips of rubberized 
canvas fixed on a wooden frame (Fig. 1). High frequency energy at a 
frequency of 15 megacycles per second, corresponding to a wave-length of 
20 metres, is applied by two horizontal electrodes, one over the thighs, and 
one over the chest. They are adjusted to about two inches from the skin 
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and are carefully insulated. This particular disposition was adopted as it 
was found that it entirely overcame skin burning, which presented a serious 
difficulty with any other arrangement with the power employed. Dry air at 
a temperature of 115° F. is circulated round the patient’s body by a fan 
blowing air into the cabinet through an electrically heated resistance mat. 

The high frequency energy is generated by two valves operating in a push- 
pull circuit with an input of 2 kilowatts. Owing to the fact that small 
movements of the patient produce a considerable variation in the electrical 
conditions in the circuit it is not possible to adjust the valves to anything 
approaching their optimum working conditions and the electrical efficiency 
is therefore low. It is unlikely that more than 400 watts are usefully 
expended in heating the patient. 

Operation and care of patient. The patient is kept on a light fluid diet for 
twelve hours before treatment. He is placed naked in the cabinet and the 
electrodes adjusted to the appropriate height. It is essential that the 
patient be completely naked, as any cloth in contact with the skin will 
almost invariably produce a burn owing to sweat being absorbed and then 
strongly heated in the electric field. His temperature is taken in the axilla 
with a clinical thermometer inserted through a door in the side of the cabinet, 
the current being switched off while this is being done. Axillary temperatures 
have been found to be entirely satisfactory: the taking of oral temperatures 
sometimes presents difficulty owing to dyspnoea, while rectal temperatures 
have been found to be most unreliable, presumably owing to the current of 
hot air which is blown upwards from the patient’s feet. The temperature 
is subsequently taken every 15 minutes, or more frequently if the patient 
appears unduly distressed or he is estimated to have reached the desired level. 

The rate of rise varies considerably with different patients, but an average 
figure is 8° per hour. In the treatment of dementia paralytica we have 
aimed at reaching an axillary temperature of 104°, and this may take from 
30 to 75 minutes. In general, the amount of distress experienced depends 
on the duration of the treatment rather than the rate of rise. Thus patients 
whose temperature rises slowly experience more discomfort than those who 
reach the desired temperature in a shorter time. It is difficult to estimate 
the degree of discomfort involved since it is a very variable effect, and most 
of the patients were suffering from more or less pronounced mental dis- 
turbance. It is, however, significant to note that no difficulty was experienced 
in persuading the patients to go through a course of twelve treatments. 
When the required temperature is reached the patient is wrapped in 
blankets and returned to bed in the ward. Here he is packed with blankets 
and hot-water bottles and given copious hot drinks. By this means his 
temperature is maintained at the desired level for a period of six hours 
(Fig. 2). It is recorded every 15 minutes, and any tendency to rise or fall is 
corrected by suitably varying the number of hot-water bottles and blankets. 
At the end of the treatment the excess blankets and hot-water bottles are 
removed and the temperature returns to normal in one or two hours. Very 











ee oe 


v 


- cre Fe RRR 


ve ww BeBe &2S YF WH WW 








THERAPEUTIC PYREXIA BY SHORT RADIO WAVES 195 


rarely is it necessary to adopt active measures to end the pyrexia: in those 
few cases where it has risen or remained high, despite removal of the blankets 
and hot-water bottles, tepid sponging has quickly brought it down. Sweating 
is very profuse throughout the whole treatment, and to compensate for loss 
of chlorides the patient is given hot salt drinks. We have not found that 
the hot air dries the skin: any increase in rate of evaporation produced is 
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Fic. 2. Chart of pyrexia: case of G.P.I. Treatment commenced 11.45. Returned to 
ward 12.45. Blankets removed 5.45. 
more than counterbalanced by the increased rate of formation. It is, 
however, necessary to fill the cabinet with hot air to prevent loss of heat 
from the naked body. Hot air alone produced a very slow rise of the order 
of 1° per hour, and we have not found it possible to produce a useful rise 
without employing both hot air and a powerful high frequency field. 

As a rule we have not found it necessary to administer sedatives during 
treatment, but for restless patients a preliminary dose of 4 or } gr. of 
morphine has proved satisfactory and safe. Hyoscine was used once and 
proved dangerous by arresting sweating. Avertin anaesthesia was employed 
satisfactorily on three occasions in a very restless patient. 
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Occurrence of herpes labialis after pyrexia. An interesting observation is 
the occurrence of herpes, often copious, on the lips after the first pyrexia : 
since we first noticed the eruption we have seen it in all but two cases, but 
only after the first treatment, except in a patient who started a second 
course of treatment after an interval of eight months. We hope to investi- 
gate this phenomenon more closely. It has been observed by other workers 
with electropyrexia, e.g. A. C. Jones (92) noted it in over 50 per cent. of his 
patients ten to twenty-four hours after the first fever. 


(c) Clinical Reports 


Dementia paralytica. Fifteen cases received from 6 to 17 treatments. One 
case received 6 treatments, one 10, two 17 and the remainder (except for 
two patients who died) 12 treatments. 

The estimated duration of symptoms in the 15 cases was as follows : 

8 years : ‘ ‘ ‘ 1 case 

2 to 3 years . . ‘ 6 cases 

1 to 2 years . ‘ . 4 cases 

6 to 12 months . : ‘ 4 cases 
The patients’ ages varied from 30 to 57, the average age being 44. Thirteen 
patients were males, two females. As regards the clinical type of disease in 
these fifteen patients, it must be borne in mind that as all were dealt with 
in general medical wards, and none was certified as insane; grossly maniacal 
or excited subjects had to be rejected and referred to a mental hospital. 

The principal clinical features in all the cases were slowly progressive 
deterioration of memory and intellect, and emotional instability shown 
chiefly by outbursts of temper, but at times by depression. To these, 
delusions of grandeur were added in three cases, while two others were 
elated and expansive without exhibiting actual delusions. One patient had 
delusions of persecution. One patient had convulsive attacks, and three 
had histories of transient hemiplegia suggesting the ‘congestive attack’ 
of G.P.I. One patient was temporarily maniacal. The following table 
summarizes the clinical types: 

Simple dementia , é ; 8 
Expansive ° ‘ , ‘ . 5 
Manic 1 
Paranoid . . ‘ ‘ ‘ ; 1 


In all cases the clinical diagnosis was supported by positive Wassermann 
reactions in the blood and cerebrospinal fluid, and paretic curves in the 
Lange test. 

It is customary in reporting results of treatment in dementia paralytica 
to speak of ‘complete remissions’ and ‘ partial remissions’. These terms 
are used in order to compare the results with the natural course of the 
disease, in which spontaneous remissions occur in a proportion variously 
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estimated as from 3-5 per cent. to 4:8 per cent. for complete remissions, and 
from 4-9 per cent. to 9 per cent. for partial remissions or improvement (10). 
Though it is difficult to assert complete remission, we use the term in the 
generally accepted sense that the patient is free from any obvious mental 
abnormality, and is judged to be capable of some form of remunerative 
employment. 

The following table summarizes the results in the 15 cases under our 
observation : 


Died during treatment . . . 2 = 13 per cent. 
Noimprovement . , ; , 2=13 
Complete remission . “ ‘ ‘ 4 = 26 
Partial remission. ‘ ‘ ‘ 7 = 48 


Two patients died during treatment, namely, after 4 and 5 pyrexias 
respectively, and we are of opinion that they died as the result of the treat- 
ment. These patients were elderly men, both were severely demented and 
debilitated, and the treatment was pushed too energetically. They occurred 
early in the series, and we are of opinion that death from the treatment 
could have been avoided. A similar experience is recorded by Hinsie and 
Blalock (31), and in general it has been found that mortality diminishes with 
increasing experience. 


M., aged 53. Gradually progressive mental deterioration extending over 
two to three years. ‘Transient right hemiplegia. Admitted profoundly 
demented and incontinent, tremulous and almost speechless: unable to 
answer the simplest question. Tongue furred and dry. Typical physical 
signs. After two pyrexias appeared better, could answer simple questions 
and asked for urine bottle. General condition deteriorated, bed sore 
developed and incontinence returned. Died twenty-four hours after fourth 
pyrexia. 


M., aged 57. Nine months progressive mental deterioration getting 
rapidly worse in last two to three weeks. On admission unable to walk, 
apparently from general weakness, speech incoherent and tremulous, mostly 
restless and boisterous, at times depressed and weeping, extremely confused. 
Typical pupil changes and exaggerated deep reflexes. Morphine necessary 
for restraint during treatment. Deteriorated steadily in spite of treatment 
and died after fifth pyrexia. 


Two patients, each of whom had twelve treatments, showed no improve- 
ment. One of these was an extremely chronic case with profound dementia : 
the second case, though severely demented, was no worse than some others 
who responded to treatment. 


M., aged 43. Mental deterioration observed for eight years, much worse 
for three years. First seen a year ago, when he was emaciated, incontinent, 
demented, and apparently dying. Characteristic pupil and reflex changes. 
Picked up remarkably after a course of tryparsamide, became fat, but 
remained profoundly demented, his speech almost unintelligible, but docile. 
His condition was completely uninfluenced by fever therapy, but his general 
health is maintained : certified and in mental hospital. 
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M., aged 45. Acquired syphilis twelve years ago. Ten months depression 
and confusion, followed by delusions of grandeur. ‘Tremor, dysarthria, 
Argyll Robertson pupils, increased deep reflexes. In spite of treatment 
became gradually more demented, rambling, had retention of urine. Certi- 
fied and sent to mental hospital. 


Four patients fell into the category defined above as greatly improved or 
complete remission. Brief particulars of these cases are as follows: 


M., aged 57. Six months history of mental deterioration and weakness 
of limbs: no definite delusions but confused, emotionally unstable, losing 
interest and unable to do any business. On admission extreme dysarthria 
and general tremor: Argyll Robertson pupils and increased reflexes. Mildly 
demented. On discharge striking improvement in speech, mentally brighter 
and able to converse, general condition improved. Fourteen months later 
running a small business, tremor of speech very slight, nothing abnormal 
detected in conversation. Daughter writes ‘he is quite his normal self 
again’. 

M., aged 34. Six months history of intellectual deterioration, failure of 
speech, violent tempers, delusions of poison, robbery and wealth: has 
attacked wife and smashed furniture. Dirty habits. Loss of flesh. Speech 
tremulous and unintelligible. Aortic regurgitation. Argyll Robertson 
pupils. Inequality of knee- and ankle-jerks. Much improved after ten 
treatments: after eight months interval a further seven treatments. Speech 
and conversation now normal, he is clean, cheerful, and obliging, and is 
greatly improved in general health: weight increased nearly a stone. 


M., aged 38, police constable. Irritability and bad temper noticed for 
two years: more definite symptoms for about six months, viz. deterioration 
of speech, unsteadiness in walking, failure of memory, mistakes at work, 
melancholic. On admission gross dysarthria and tremor of lips: no delu- 
sions, but apt to be violent: confused. Argyll Robertson pupils and 
increased reflexes. Discharged after ten treatments, greatly improved. 
Improvement maintained for ten months, then partial relapse with con- 
fusion and tremor of speech. Seven further treatments, leading to clinically 
complete remission. Cheerful and equable, normal in conversation. 


F., aged 38. Twelve months indefinite history of mental deterioration 
and of ‘ neuritis’ in legs. On admission euphoric, speech slow and slurred, 
garrulous and expanding freely on her own wealth and that of her relatives. 
Tremor of lips and tongue. Pupils pin point and almost fixed: knee- and 
ankle-jerks absent : some analgesia around trunk. Dirty in habits. After 
six pyrexias refused more and returned home. One year later all abnor- 
malities of mind appear to have gone: very slight tremor of speech. 
General health good. Reported to be leading normal life at home, managing 
house. 


The remaining six patients all showed definite improvement of a degree 
short of complete remission. Two of these maintain their improvement. 


M., aged 30. A small man of poor physique and probably always of 
inferior mentality. Two years history of steady deterioration of memory, 
becoming gradually quite stupid, dirty, and unable to look after himself : 
also several fits. On admission, dull, apathetic, rambling, profoundly 
demented. Emaciated, taking no interest in food, very ill. Incapable of 





I ie i i, 


So te oe 


THERAPEUTIC PYREXIA BY SHORT RADIO WAVES _ 199 


conversation. Pupils widely dilated, irregular, and fixed, knee- and ankle- 
jerks exaggerated. After early treatments became very talkative, started 
to eat voraciously and exhibited active delusions of wealth, giving away 
cars, &c. These passed and he has improved to a condition probably not 
much inferior to his normal. For over eighteen months has kept very well, 
and is quite capable of work not demanding a high intellectual standard. 


M., aged 35. Ten months history: slowness of speech and gait, gradually 
became unable to read or write. Fits of temper. On admission severely 
demented: almost speechless, but docile. Mostly failed to respond to 
simplest orders. Not incontinent and tried to ask for urine bottle, but 
could not name it. Pupils unequal, R. inactive, L. almost inactive to light : 
inequality of deep reflexes: analgesia of tabetic type. Improvement in 
mental state evident soon after commencement of treatment: now talks 
freely and reads and understands newspapers: no delusions: good tempered, 
but remains simple and could not earn his living. Last treatment given 
four months ago, and is to be resumed. 


One patient relapsed after showing a partial remission. 


M., aged 40. Twelve months history of listlessness, shakiness of hands, 
slurring of speech, at time speech unintelligible: writing power almost lost. 
Sometimes refused to talk : at other times garrulous, excited and confused. 
Pupils inactive to light, reflexes exaggerated. Mental state one of moderate 
dementia with confusion, but no gross delusions. After ten pyrexias his 
emotional state appeared normal and his mind clear: he conversed intelli- 
gently about books and newspapers. He was thought to be in full remission, 
but shortly after discharge became restless, talkative, and somewhat con- 
fused and excitable, though he is engaged in light work. He understands 


that he is improved but not cured, and is anxious to resume treatment. 


Four patients who improved have died since leaving hospital. Briefly, 
the particulars are these : 
M., aged 47. Four years history of slow mental deterioration : loss of 


sexual power an early sign. For two years occasional attacks of numbness 
of right side of body. No other fits. No organized delusions. Malaria 


’ tried six months before admission but infection failed. On admission com- 


pletely helpless and demented, picking at bedclothes, refusing food. Argyll 
Robertson pupils and increased jerks. Improved greatly after twelve 
pyrexias, conversation being rational, general condition good, but speech 
somewhat tremulous. After maintaining his improvement for six months 
he was re-admitted, becoming again confused, refused food, and sank into 
an emaciated, demented state in which he died. 

M., aged 50. Venereal infection during war. Three years history begin- 
ning with a partial left hemiplegia with recovery: then emotional instability, 
swearing, and violent tempers: delusions of wealth, spending far beyond his 
means. On admission confused and very tremulous: dysarthria: Argyll 
Robertson pupils and increased jerks. Made good improvement after 
twelve pyrexias, and left hospital apparently in full remission. Given 
tryparsamide at home: injections reported to upset him, but mental 
improvement maintained. Died in fit immediately after second injection. 

M., aged 57. Change in mentality noted for two years: brooding for 
hours, at other times flying into tempers. Lost interest in work ond in 
gardening, his chief hobby: memory poor. Speech affected nine months. 
Childlike and mostly affable: moderately demented and interested in 
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nothing. Very tremulous: marked dysarthria. Syphilitic glossitis. One 
pupil fixed: reflexes exaggerated. Tabetic type of analgesia. He improved 
greatly in his mental and general health and the improvement was main- 
tained for several months: then dysarthria became severe, had difficulty in 
swallowing, but his mind remained clear, and he was clean and good tem- 
pered : he suddenly became unconscious and died in two days, nine months 
after discharge from hospital. 


F., aged 40. Rather over two years progressive mental deterioration and 
weakness of legs. No definite delusions. Depressed, incoherent, rambling. 
Argyll Robertson pupils: analgesia on trunk, knee-jerks very active, ankle- 
jerks absent. Ten pyrexias with marked improvement, which was main- 
tained for twelve months. Then lost control of legs, frequently falling and 
died after a general convulsion. 


From a study of this short series, no more can be said than that the 
results compare favourably with those of malarial therapy. Only two cases 
received more than twelve pyrexial treatments, and it is now evident from 
other recorded results that such a number is not enough. Neymann states 
that for dementia paralytica twenty treatments are necessary, and we now 
aim at such a course, two periods of pyrexia being induced weekly. 

Treatment other than pyrexia. Six of the fifteen patients received tryp- 
arsamide injections after their course of fever therapy. Two of these are 
among the cases who died, two among those showing full remission, and two 
among those showing partial remission. Though tryparsamide may have 
had some effect in maintaining improvement already brought about by 
fever, we observed no evidence of improvement which could be attributed 
to tryparsamide, and are of opinion that such treatment had little, if any, 
influence on the results recorded. 

Blood and cerebrospinal fluid. In seven cases the blood and cerebrospinal 
fluid were re-examined after treatment. In no case was any marked change 
observed in the reactions. There was a tendency to weakening of the 
Wassermann reaction and the height of the Lange curve was lowered in two 
or three instances. The amount of protein and the number of.cells in the 
fluid became diminished in several cases. 

As after malarial therapy, clinical improvement was not accompanied by 
any consistent changes in the reactions. Most workers have found that 
such changes are even less after electropyrexia than after malaria. 

Tabes dorsalis. Three cases were treated: two received ten pyrexias, and 
one six pyrexias. All showed improvement in gait, in one case marked, in 
two cases slight. Two cases, in whom lightning pains were prominent, 
reported marked relief of these. No changes occurred in the physical signs 
of the disease. These results are similar to those recorded by other 
observers, except that occasionally return of the reflexes to normal has been 
reported. 

Subacute combined degeneration of the spinal cord. We used this treatment 
in two cases. They were selected for a trial of the treatment because of 
their failure to respond fully to intensive parenteral liver therapy alone. 
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It was thought possible that the vaso-dilatation accompanying pyrexia 
might aid in the action of the potent material upon the cord. Details of 
these cases will be given in a paper to be published shortly on the treat- 
ment of subacute combined degeneration of the cord by Ungley and 
Nattrass. 

One patient, a woman of 35, had received intramuscular campolon in 
doses of from 30 to 42 c.c. weekly for eighteen months. At first completely 
paraplegic, she improved for a time, but gradually failed to respond and 
became worse without any cause being found except slight urinary infection. 
She was then given short-wave treatment, each pyrexia following half an 
hour after an injection of 10 c.c. of campolon. At the beginning of this 
treatment she was extremely ataxic, and could only walk alone for ten 
steps with great difficulty. After three weeks she could walk alone for 
40 to 50 yards: co-ordination of the limbs was almost normal in the heel- 
knee test. She had nineteen pyrexias before her discharge, and was then 
almost free of ataxia, and able to walk a quarter of a mile without rest or 
help, and up and down stairs quite unaided. Paraesthesiae disappeared, 
control of the bladder became normal, and the ankle-jerks, formerly absent, 
became active. The plantar reflexes, one flexor and the other extensor, 
remained unaltered during the treatment. 

The second patient, a man of 51, had received intramuscular campolon 
in full doses (30 c.c. weekly minimum) for two years. He showed con- 
siderable improvement during the first six to eight months of this treatment, 
but thereafter remained stationary with a moderate degree of ataxia para- 
plegia. He was given twelve pyrexias during seven and a half weeks, each 
preceded by campolon. No change was observed in his condition after the 
treatment. 

We feel it is justifiable to attribute the great improvement in the first of 
these cases to radiotherm treatment. Spontaneous remission of such a 
degree is unknown in our experience, and the prolonged observation of this 
case, while on liver treatment alone, had shown that the maximum effect 
had been attained, and deterioration was in progress. The case clearly 
justifies further trial of pyrexia as an adjuvant to parenteral liver therapy 
in refractory cases. 


Summary and Conclusions 


1. An account is given of the development of electrical methods for the 
production of therapeutic pyrexia. 

2. A description is given of the essential features of an apparatus for the 
production of general pyrexia by means of short radio waves, and the 
technique of this treatment is outlined. 

3. The results of the treatment are discussed in fifteen cases of dementia 
paralytica, three cases of tabes dorsalis, and two cases of sub-acute com- 
bined degeneration of the spinal cord. As regards dementia paralytica, the 
conclusion is reached that the results compare favourably with those of 
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malarial therapy, and that the electrical method is the safer, and capable 
of more precise control. 


We acknowledge our indebtedness to the Medical Research Council, who 
made grants to one of us (S. F. E.) in respect of the experimental work, and 
for the cost of the apparatus. We are grateful also to Professor W. E. 
Curtis, F.R.S., who supervised the physical aspects of the work, and to 
Dr. J. A. Charles, Medical Officer of Health, City and County of Newcastle- 
upon-Tyne, and Dr. G. P. Harlan, Medical Superintendent, who have given 
every facility for the clinical trial of the method at the Newcastle General 
Hospital. 
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THE QUINIDINE TREATMENT OF AURICULAR 
FIBRILLATION’ 


By MAURICE CAMPBELL anp F. W. GORDON 


Srx years ago Parkinson and Campbell (18) reported a series of forty-four 
cases of auricular fibrillation which had been treated with quinidine, and 
reached the following conclusions. ‘When established fibrillation is of 
recent onset, quinidine is the treatment of choice and should be used at 
once. In the absence of serious congestive failure, or much cardiac enlarge- 
ment, it is likely to give even better results than digitalis, often restoring 
normal rhythm for some years with remarkable freedom from symptoms. 
When, on the other hand, fibrillation has lasted for six months, when there 
is a large heart or gross congestive failure, digitalis is the best treatment 
and quinidine should rarely be used, because of the risk, and because of the 
smaller chance of any lasting success.’ 

It seemed worth following up these patients ‘after six years to decide 
where quinidine is of lasting value. We have traced all those where normal 
rhythm was maintained, up to December 1934, or for at least five years 
after its restoration; and in the less successful cases until fibrillation ‘re- 
turned. The first section deals with the after-histories in these 44 patients. 
The second reports our experience with 91 patients during 1929-34, and the 
third the results of the two series in those with goitre where the problems 
involved are rather different. In the fourth section the after-treatment is 
discussed, and in the fifth the importance of the size of the heart. 

We are greatly indebted to Dr. John Parkinson for giving us facilities in 
following up those of his private and hospital patients, who formed the 
greater part of the first series, and for much other help. 


I. After-histories of 44 Patients treated with Quinidine up to 1928 


This follow-up confirms the value of quinidine provided there has been 
careful selection. Normal rhythm was restored in 30 of the 44; in 11 it is 
still maintained after an average period of nine years. Some have had one 
or two short relapses when fibrillation was again arrested with quinidine. 
In the 19 who no longer have normal rhythm the treatment was of value 
as the average period of maintenance was 34 months. 


1 Received October 10, 1935. 
[Q.J.M. New Series No. 18] big 
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TABLE I 


The Influence of Aetiology on the Result of Treatment (First Series) 


Mitral stenosis or a 
history of rheumatic  Goitre. 
fever. 


Other 
conditions. 


Normal rhythm still maintained after 2* 
from 7 to 11 years 


Normal rhythm restored, sometimes 12 
for 4 or 5 years, but not maintained 


Normal rhythm not restored 10 


* No evidence of mitral stenosis in these two. 


In Table I the cases have been grouped according to aetiology, and the 
second conclusion from this longer survey is that the presence of rheumatic 
valvular disease is even more important than appeared. Only three patients 
with mitral stenosis maintained normal rhythm for 4 years, and the two in 
the rheumatic group who maintained normal rhythm for 7 and 8 years (Cases 
XXVIII and XXIX,? had no valvular disease and were included because of 
arheumatic history. The three strikingly successful cases of the goitre group 
(Cases XXX, XXXI, and XXXII), with normal rhythm maintained for 11, 
10, and 8 years, had then little if any evidence of active hyperthyroidism, 
and did well without operation. Six cases belonging to the remaining group 
maintained normal rhythm for 9 years. 


TABLE II 


The Influence of the Duration of Fibrillation before Treatment on the Result 
Obtained (First Series) 


Duration of fibrillation before treatment. 


eee a) 


/ 


More than one, 
but less than More tha 
six months. 


n 
six months. 


One month 
or less. 


Normal rhythm still maintained after 6 4 
more than seven years 


Normal rhythm restored, sometimes for 
four years, but not still maintained 


Normal rhythm not restored 1 6 


The average duration of normal rhythm, taking all cases whether fibrilla- 
tion has returned or not, was 41 months in the rheumatic, 86 months in the 
goitre, and 77 months in the remaining group. 

The duration of fibrillation before treatment is important in estimating 
the probability of success, and Table II shows the results when the patients 
are followed for several years. Normal rhythm is still maintained in 6 out 
of 13 patients where fibrillation had lasted less than a month, but in only 1 
out of 12, where it had lasted more than six months. 


2 Case notes of these 44 patients have already been published with the same Roman 
numerals (18). The cases of the second series are denoted by Arabic numerals. 
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Short notes of the 11 cases which still maintain normal rhythm follow. In 
these abstracts M. 48. stands for male, aged 48; N.R. for normal rhythm ; 
Q. for quinidine. The first paragraph describes, briefly, their condition 
before the first treatment with quinidine; rather more detailed notes of 
their condition up to June 1928 have been published (18). 


Case XXVIII. M. 22. Rheumatism at 12; heart slightly, if at all, 
enlarged, no mitral stenosis. 

N.R. restored 1926. Took 5 gr. Q., b.i.d., for one year and once a day 
for a second year. Relapsed after eight years. 

N.R. restored with 15 gr. Q. (the same dose as before) and has been main- 
tained for six months. (Dec. 1934). 


Case XXIX. M. 58. Rheumatic fever at 12; heart slightly enlarged, 
no mitral stenosis. 

N.R. restored 1926 and maintained after 92 months, Q. being taken for 
six months only. (Feb. 1934). 


Case XXX. M. 54. Small thyroid cyst, no hyperthyroidism ; heart 
slightly enlarged. 

N.R. restored 1923. Relapsed after 4 years, five weeks after stopping Q. 

N.R. restored with 20 gr. Q. (the same dose as before) and still maintained 
after 138 months in all, still taking Q. regularly, 5 gr. daily. (Letter from 
doctor, Jan. 1935). 


Case XXXI. F. 52. Five years before exophthalmic goitre which was 
almost cured ; heart slightly enlarged. 

N.R. restored 1923. Took Q. for 18 months. N.R. still maintained with- 
out further Q. after 124 months. (Dec. 1934). 


Case XXXII. M. 49. Large goitre for many years, no hyperthyroidism, 
B.M.R. normal; heart moderately enlarged. 

N.R. restored 1927. Relapse after 28 months when 6 months without Q. 
Relapse again in fourth year when taking Q. less regularly. 
- N.R. restored and still maintained after 93 months, generally with 5 gr. Q. 

twice daily. (Dec. 1934); after 102 months (Sept. 1935). 


Case XXXIII. M. 37. Heart not enlarged, no apparent disease. 

N.R. restored 1923. Took 5 gr. Q. twice daily for two years and then 
once a day. Relapsed twice in the tenth and eleventh years when he had 
been some months without quinidine. N.R. still maintained with Q, 5 gr. 
daily, after 140 months. (Dec. 1934). 


Case XXXIV. M. 36. Heart slightly enlarged, no apparent disease. 

N.R. restored 1925. First relapse after three years when 18 months 
without Q., this having been reduced gradually to 5 gr. once a day. Second 
relapse three months later when shut in the self-closing doors of the ‘ Tube’. 

N.R. again restored and still maintained after 119 months, without Q. for 
the last six years. (Sept. 1935). 


Case XXXVI. M. 22. Heart slightly enlarged, no apparent disease. 

N.R. restored 1924. Took Q. for one month only. Has remained quite 
fit since in every way for over ten years except for one short relapse. (Letter 
from doctor, March 1935). 
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Case XXXVII. F. 52. Heart not enlarged ; B.P. 160/75 rising to 190/90 
two years later. 

N.R. restored 1926 and took Q. for two and a half years, 5 gr. t.i.d. for 
one year and then b.id. N.R. maintained after 101 months, but a little 
short of breath and B.P. had increased to 220/115. (Nov. 1934). 


Case XXXVIII. M. 55. Heart not enlarged; no apparent disease. 

N.R. restored 1927. Took Q. 5 gr. b.id. for 6 months and then once 
daily for one or two years. N.R. maintained and in good health after 
92 months. (Letter from doctor, Feb. 1935). 


Case XXXIX. M. 55. Heart not enlarged; no apparent disease. 

N.R. restored 1927, and maintained after 95 months. But he still has 
paroxysms of fibrillation and finds these shorter and less frequent if he con- 
tinues to take 5 gr. Q. twice daily. (Feb. 1935). 


II. Results Obtained in the Second Series 


Selection of cases. These 91 cases of auricular fibrillation included all 
which we treated with quinidine during the six years 1929-34. Owing to 
the favourable impression made by the first series the selection of the second 
series was less rigorous, but generally there was no gross congestive failure 
or great enlargement of the heart, and fibrillation had been present for less 
than six months. 

All the 40 patients in the rheumatic group had mitral stenosis, except 2 
who had aortic incompetence alone; 3 had both lesions. The 10 with 
goitre are discussed later. There were 32 where fibrillation was due to other 
causes; 9 had high blood-pressure, and 10 were elderly patients with fairly 
large hearts and arteriosclerosis. The remaining 13 showed little, if any, 
evidence of heart disease except the arrhythmia, and generally the heart 
was only slightly enlarged. In 4 the maximum transverse diameter of the 
heart was over 13-0 cm., and they were considered as having myocardial 
disease of unknown origin; but in 9 it averaged 11:8 cm. and was not 
enlarged, as many of them were big, well-developed men. Treatment was 
satisfactory in this group. 

Mode of administration of quinidine. The same method of treatment was 
nearly always adopted. Before quinidine was used congestive heart failure 
was treated and the ventricular rate controlled with rest and digitalis. 
Digitalis was then omitted and quinidine sulphate was given, the times of 
administration and the dosage being as shown below. 

Ist day. Quinidine gr. v. as a test dose. 

2nd ,, at 6 and 8 a.m. 

3rd ,, » 6, 8, and 10 a.m. 

4th ,, , 6, 8, 10 a.m., and 12 noon. 
5th ,, » 6, gr. v. at 8, gr. x. at 10 a.m. 
6th ,, » 6, 8, and 10 a.m. 
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The treatment given on the sixth day was usually repeated for three days 
if normal rhythm was not restored, and this daily dose was rarely exceeded. 
This gradual increase in dosage tends to give warning of any toxic symptoms 
before they are serious. The short interval between doses is advisable 
because of the rapid elimination of quinidine from the blood stream (25). 

Patients were kept strictly confined to bed during treatment and for three 
days after normal rhythm was restored. <A close watch was kept on the 
heart rate and instructions were always given for quinidine to be discon- 
tinued if any untoward symptoms arose. Weisman has reported 17 of 24 
patients successfully treated by the ambulatory method, although they did 
not appear specially favourable cases (24), but we have not thought it wise 
to use this method except occasionally for a relapse in a patient who had 
not got mitral stenosis. 

Digitalis was used simultaneously with quinidine in three patients. All 
had had a previous course of quinidine, and in two no better result was 
obtained by the combination. But in one (Case 5) normal rhythm was 
restored with 15 grains of quinidine while she was taking 15 minims of 
tincture of digitalis three times a day, although previously two full courses 
of quinidine had failed: she relapsed six months later when she went on a 
pilgrimage to Lourdes without quinidine, but on her return normal rhythm 
was restored without digitalis. 


TABLE III 


Daily Quantity of Quinidine needed for Restoration of Normal Rhythm 


Amount of quinidine Sgr. 10gr. l5gr. 20gr. 25gr. 30gr. 35 gr. 
Number of cases 2 19 25 24 11 27 2 


Table IIT shows the amount of quinidine given on the day when normal 
rhythm was restored (both series combined). The number of successes was 
fairly equally distributed. The amount needed when treatment was re- 
peated after a relapse is of interest, as generally, even after some years, the 
same effect followed the same dose of quinidine. In 14 cases normal rhythm 
was restored a second time by exactly the same amount; in 7 cases by 
5 grains more or less; and in another 5 cases by 10 grains more or less. 
Only in one case without an obvious cause, such as partial thyroidectomy 
or a great increase in the size of the heart, was there a greater discrepancy 
than this. In 3 cases exactly the same amount of quinidine restored normal 
rhythm after an interval of more than five years. As a contrast, Case 47 re- 
covered normal rhythm with 15 grains, but four years later, when her heart 
was much larger, failed to do so with 30 grains. This patient showed the 
importance of adequate rest and digitalization, a point which has been 
stressed by Wolff and White (27). On her first admission two full courses 
failed, but after another month’s rest, with regular digitalis, 15 grains of 
quinidine restored normal rhythm. Failure to achieve success is often due 
to trying to get the result too quickly, and if any signs of failure have been 
present prolonged rest and treatment in bed is a necessary preliminary. 
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Another point which we think of great importance is that the patient should 
be free from any infection, even of the most trivial nature, at the time of 
treatment with quinidine (see page 213). 


TABLE IV 
The Influence of Aetiology on the Result of Treatment (Second Series) 


Mitral stenosis or a Other 
history of rheumatic Goitre. 
fever. 
Normal rhythm restored and still main- | 16 12 
tained 
Normal rhythm restored but not main- 15 0 6 
tained 


Normal rhythm not restored 18 3 14 


conditions. 


Results of treatment. Quinidine restored normal rhythm in 56 cases (62 per 
cent.), but failed to do so in 35, including 7 in whom the duration of restored 
rhythm was too short to be of any practical use. The results are sum- 
marized in Table IV, and an abstract of the clinical notes and results in each 
case is given in Tables VIII-XV. 

The duration of fibrillation before treatment influenced the chance of 
success (see Table V). Where it had been present for a month or less normal 
rhythm was regained in 80 per cent. and maintained in 47 per cent.; where 
it had been present for more than six months, in 53 and 6 per cent. Cases 
with goitre have not been included here or in Table VI, because the possi- 
bility of operation makes the previous duration of fibrillation, and even the 
size of the heart, less important. Of the 16 successful cases with goitre, 
fibrillation had been present for more than six months in half, and for less 
than one month in only a quarter, but in spite of this the results were 
excellent. 

TABLE V 
The Influence of the Duration of Fibrillation before Treatment on the Result 
Obtained (Second Series) * 


Duration of fibrillation before treatment. 





One month One to six More than 
or less. months. six months. 
Normal rhythm restored and still main- 7 1] 
tained 


Normal rhythm restored but not main- 5 9 
tained 


Normal rhythm not restored 3 22 
* These figures do not include the cases with goitre. 


Normal rhythm is still maintained in 35 cases, 7 with rheumatic heart 
disease, 16 with goitre, and 12 with fibrillation due to other causes (Table IV). 
The goitre group will be discussed separately (see p. 214). In the other two 
groups the average duration of fibrillation before treatment was less than 
three months. The average heart size was 12-5 cm. in 15 of the 19 where it 
was measured. In 10 cases normal rhythm has as yet been maintained for 
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less than two years; in 4, for two or three years; and in 5 for over four 
years ; the average being nearly two and a half years. 

Three of the rheumatic cases and 4 of the others had short temporary 
relapses, and were again successfully treated with quinidine. As the average 
duration of restored normal rhythm after these relapses is already more than 
twenty months, a relapse certainly does not indicate that a second treatment 
may not be worth while. 

Normal rhythm restored but not maintained. In 21 cases normal rhythm 
was restored, but has not been maintained. In 5,3 of whom were rheumatic, 
the duration of restored rhythm was six months or less. The average heart 
size was 15 cm., and this was probably the cause of the relapse. In 16 cases 
normal rhythm was maintained for a longer period, the average heart size 
being smaller (12-4 cm. for 9 cases). The average duration of fibrillation in 
both subdivisions was just over three months, excluding Cases 53 and 56. 

Normal rhythm was maintained for over one year in 7 cases, for over two 
years in 6, for over three years in 3; the average period being eighteen 
months. Eight relapsed and were again treated with quinidine. In 5 normal 
rhythm was not restored, and in the 3 it was restored but not maintained for 
long, which might suggest that treatment after a relapse was rarely worth 
while. But among those who still have normal rhythm there were 7 who did 
well after relapses, so if conditions are favourable, and especially if any reason 
for the relapse can be found, a second attempt to restore normal rhythm 
with quinidine should be made. 

In two of these cases fibrillation had been present for longer than usual. In 
Case 53 it had been present for 15 years, but in spite of this it was arrested 
with 35 grains of quinidine. The proof that it had been present for such a 
long period is the patient’s story of sudden palpitation starting when on his 
round as a baker and continuing without intermission afterwards, and an 
electrocardiogram, taken three years after the start, showing fibrillation. It is 
of course possible that fibrillation and normal rhythm alternated without his 
being aware of the change, but he had readily appreciated the sudden onset 
and there was no spontaneous change while he was under observation. In 
spite of this long period of fibrillation there was no enlargement of his heart 
(confirmed by X-ray), no other evidence of heart disease, and no symptoms 
except palpitation. He relapsed after two months, and as on a second occasion 
30 grains of quinidine induced a paroxysm of tachycardia or flutter (ventri- 
cular rate 180, but no electrocardiogram) it was thought wiser to continue 
his treatment with digitalis. 

Normal rhythm not restored. Quinidine did not succeed in 28 patients, 
and in another 7 normal rhythm was restored for such a short time that it 
was of no practical use. These 35 failures would be valuable if they enabled 
us to reach greater certainty as to which were unsuitable for quinidine. The 
reason was not because fibrillation had been present for too long, for the 
average duration was 3-7 months, excluding three in whom the period was 
more than two years. 
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We believe that one reason for the failure was that their hearts were 
larger, the average maximum transverse diameter being 14 cm. in the 27 in 
whom it was measured by orthodiagram, compared with 12-5 cm. in those 
who still maintain normal rhythm. High blood-pressure was another factor 
militating against success, as it was present in 6 of these, but in very few 
others. In 18 of the 35, the heart was larger than the standards for success 
laid down as the result of this study, the transverse diameter averaging 
15:3. cm. Several of those with the largest hearts (e.g. Cases 59, 84, and 
91, with hearts 17 cm. or over) were selected for quinidine treatment 
because they had been relatively free from symptoms until the onset of 
fibrillation. Evidently this reason is inadequate. 

In 17 all the conditions seemed favourable, and the maximum transverse 
diameter of the heart averaged 12-6 cm. In 8 of these, most of whom had 
two full courses after adequate preparation, there were no special symptoms, 
but fibrillation continued. In 5 there were symptoms of intolerance, head- 
aches, nausea, sweating, or palpitation, often with a rise of ventricular rate 
to 130, when they had reached the full dose. In 2 there were immediate 
relapses in spite of continuing quinidine, in another temporary flutter, and 
in another a mesenteric embolism (see later). ‘This was the only serious 
complication in a patient whose heart was not much enlarged. 

In the 18 whose hearts were larger (average transverse diameter 15-3 cm.) 
10 had no particular symptoms, but fibrillation continued, generally after 
two fullcourses. There was a rise of temperature which seemed to be due to 
quinidine in three patients, although there were no other signs of active 
infection: to 102° F. with sweating and vomiting in Case 60; to 101°F. 
with both courses of quinidine in Case 71, and to 100°F. with general 
malaise during both courses in Case 87. An occasional rise of temperature 
during treatment might be a coincidence, but when it happened five times 
it was probably in some way due to the quinidine. 

In Cases 69 and 83 quinidine was stopped because the electrocardiogram 
showed widening of the QRS complexes after 25 and 30 grains, although 
neither complained of any special symptoms; many other electrocardio- 
grams were taken in patients under treatment without showing similar 
changes. Of interest in this connexion is the fact that quinidine caused 
temporary heart block with dropped beats at the time of the return of 
normal rhythm in the successful Case 23, of which the details have been 
previously reported (3), and in several cases some inversion or flattening of 
the T-waves. All these changes have been recorded by others (14). 

The 3 remaining cases were among the most serious we encountered. In 
Case 70 flutter developed after 5 grains of quinidine, and the patient was 
dangerously ill, vomiting large amounts of frothy blood-stained fluid; she 
was given digitalis and was almost well in two days (cf. Case 51). Quinidine 
was given three weeks after her admission with a sore throat and a tempera- 
ture of 101°F., and probably she had active rheumatic carditis; it would 
not have been given had this diagnosis been made at the time. Case 81 had 
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hemiplegia (see section on embolism). Case 74 was the only tragedy; after 
30 grains of quinidine the heart was regular and the patient felt well; early 
next morning she seemed all right, but an hour later she was found dead in 
bed. The autopsy showed extreme mitral stenosis and no evidence of 
embolism, so presumably she died from ventricular fibrillation. It is difficult 
not to incriminate quinidine, though it is generally nearly all excreted again 
in 4 hours (25), and death took place 17 hours after the last dose. Con- 
gestive failure had been present, but quinidine was used because of the 
excellent response to rest and digitalis. 

The presence of infection. In 3 cases an infection initiated auricular 
fibrillation in a heart that was apparently normal. In a doctor, aged 45 
(Case 24), who had been suffering from recurrent boils, fibrillation started 
when one was opened under an anaesthetic. As the irregularity persisted 
for two weeks it was thought wiser to arrest it with quinidine; the heart was 
of normal size and there had been no cardiac symptoms previously. 
Epidemic influenza was responsible for the onset of fibrillation in Cases 26 
and 35, in which there were no other signs of heart disease. 

Any active or recent infection made success with quinidine unlikely. 
In Case 19 the thyroidectomy wound became infected and two full courses 
of quinidine failed ; six weeks after operation, when the wound had healed, 
normal rhythm was restored. Case 42 developed fibrillation four weeks after 
admission to hospital with subacute rheumatism ; two courses of quinidine 
were without result, and the temperature had been normal for nine weeks 
before the third course restored normal rhythm. Quinidine may have 
failed because the patients had not fully recovered from infections of the 
nose or throat in Cases 44, 70, and 84. 

Infections appeared to precipitate a relapse in 5 other cases. The infec- 
tions responsible were an alveolar abscess, mumps, a series of bad colds, and 
in two cases tonsillitis. 

The occurrence of embolism. In the first series only two cases developed 
emboli (18), but in the second series, probably owing to less rigid selection 
of cases, they occurred five times. In Case 33 an embolism of the femoral 
artery occurred, but led to no permanent disability ; this was the only case 
with an embolism where normal rhythm was maintained. In Case 43 the 
irregularity returned after 18 months, and on the second day after normal 
rhythm had again been restored, emboli of the renal and tibial arteries 
occurred. Case 48 relapsed after 9 months and a small pulmonary embolism 
followed the second successful treatment. In Case 50 there may have been 
a small pulmonary embolism 12 days after the return of normal rhythm, 
but after another course of quinidine normal rhythm was maintained for 
14 months. Case 82 had an embolism of the superior mesenteric artery 
8 hours after the return of normal rhythm, and of the radial artery two days 
later ; the patient made a good recovery. Case 81 developed hemiplegia ; 
normal rhythm had been restored for two days, but as the heart had been 
irregular again for some hours before the attack, it is not certain if the 
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cause was an embolism or a cerebral thrombosis. All these, except Cases 33 
and 81, had mitral stenosis. Case 10 with exophthalmic goitre had a hemi- 
plegia (almost certainly embolic) during the period of fibrillation, but there 
was no embolism when normal rhythm was restored, and the result has been 
a most satisfactory one. Although the possibility of an embolism must be 
borne in mind, it is not a serious risk, and especially in cases with fibrillation 
and mitral stenosis it is a risk inherent in the condition itself, whether 
quinidine is used or not. 


Ill. Patients with Goitre 


The two series have been taken together and 2 cases* have been omitted, 
leaving 23 to be considered. The hyperthyroidism was primary in 8, and 
secondary to a previous goitre in 15. The heart was generally enlarged, 
the average size in the twelve where it was measured being 13-3 cm., com- 
pared with 12-5 cm. in the successful cases of other groups. The heart was 
slightly enlarged in 9, moderately enlarged in 8, and greatly enlarged in 2, 
a much smaller proportion of hearts only slightly enlarged than in the other 
groups. The average duration of fibrillation before treatment was eight 
months, and in 3 it was over two years, showing that this is less important 
than in the other groups. 

Normal rhythm is still maintained after restoration with quinidine in 
19 cases, and after spontaneous return in one other where quinidine had 
failed shortly after the operation: only 3 were unsuccessful. The average 
duration of restored normal rhythm is forty months: in 9 it is as yet less 
than two years; in 4, two or three years; in 3, four or five years ; and in 3, 
seven to eleven years. 

Of the 8 primary cases, 4 with an average basal metabolic rate of +34 
per cent. had partial thyroidectomy, and 3 with an average rate of +17 per 
cent. had no operation. All seven were successfully treated with quinidine: 
in two fibrillation developed when other symptoms of hyperthyroidism were 
subsiding, and this no doubt accounted for the success without operation. 
The eighth refused an operation after quinidine had failed. 

Of the 15 secondary cases, 10 had partial thyroidectomy; the basal 
metabolic rate averaged +32 per cent. Quinidine was successful in 9 and 
1 died of pneumonia after operation. In 3 the operation was hemithyroid- 
ectomy, but generally it was more extensive. In 1 thyrotoxicosis recurred 
without the rhythm reverting to fibrillation, and most of the remaining lobe 
had to be removed. No operation was performed in the other 5; in 4, 
where the basal metabolic rate averaged +12 per cent. the results were 
good. The fifth relapsed after two months, but had few symptoms and kept 
very well with digitalis. 


3 Cases L and LXI were classified as old goitre without hyperthyroidism. In the 
former the blood-pressure has steadily risen to 250/130, and in the latter it was 180/115; 
neither have been cured by thyroidectomy and neither have behaved like the other 
goitre patients. 
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Almost every case where fibrillation is due to a goitre can be cured unless 
undue delay has made an operation too dangerous, or allowed permanent 
myocardial changes to develop. We are reluctant to accept these contra- 
indications, as it may be the only hope of improvement. Case 19, for 
example, had been regarded as incurable heart failure ; after operation and 
restoration of normal rhythm with quinidine, all signs of failure disappeared, 
and he gained 3 stone in weight. He is doing full work and playing golf, 
and feels better than he has for years. 

Should quinidine be given before operation? In 4 a full course failed, 
but after operation normal rhythm was restored easily. In 4 others it was 
restored before operation. In one digitalis had proved ineffective in control- 
ling the ventricular rate, and the successful use of quinidine diminished the 
operative risk. Another was greatly improved by normal rhythm, and an 
operation which had been thought too great a risk was afterwards per- 
formed. But in two cases there was a relapse to fibrillation before or during 
the operation. 

Another question is whether quinidine treatment is necessary after 
partial thyroidectomy, or whether normal rhythm will return spontaneously. 
Quinidine was given in 9 cases during the second or at the end of the first 
week, because our impression was that unless normal rhythm returned in 
the first four days there could be no certainty of its spontaneous return. In 
one case fibrillation still persisted 8 months after hemithyroidectomy, and in 
three others after 6, 4, and 4 weeks. But in another where fibrillation 
had been present for 8 months normal rhythm returned spontaneously 
6 days after operation. 

Dunhill states that normal rhythm returned spontaneously in 40 per cent. 
of his patients after thyroidectomy, and with quinidine in another 34 per 
cent., but does not say how soon the change took place (5). Fraser thinks 
that fibrillation often stops spontaneously, but that quinidine should be given 
if it does not in two or three weeks (7). Anderson (1) concludes that 45 per 
cent. acquire normal rhythm within four days of thyroidectomy—but this is 
not our experience—another 15 per cent. iater, but that 40 per cent. continue 
to have fibrillation if not treated with quinidine. In his view quinidine 
should be given at the end of the first week, as success can be anticipated in 
90 per cent. of cases then, but less often if treatment is delayed. There 
seems to be no method of knowing if normal rhythm will return sponta- 
neously, and, as many patients are ready to leave hospital within two or 
three weeks of partial thyroidectomy, quinidine should be given if fibrillation 
has not stopped after one or at the most after two weeks. 

Little need be said about after-treatment. Quinidine was generally 
omitted in from 1 to 3 months after operation ; the amount being gradually 
reduced from 5 grains thrice daily; sometimes no maintenance dose was 
given after the return of normal rhythm. As no relapses took place, even 
in patients who had been treated for a time with small doses of thyroid 
for increasing weight and hypothyroidism, it would probably be safe to 
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omit all after-treatment. But it is sometimes advisable if partial thyroid- 
ectomy has not been necessary. In 7 of the 8 cases where quinidine restored 
normal rhythm without operation, the results were good. Case XXXI 
had kept in good health for 10 years without quinidine. Four others have 
maintained normal rhythm for 2 to 4 years, two having taken quinidine for 
3 months only, and two having taken 5 grains twice a day for a year as 
slight hyperthyroidism was still present. But Cases XXX and XXXII 
relapsed 5 weeks and 6 months after stopping quinidine, and have therefore 
taken it regularly for 10 and 8 years. 

After operative treatment, therefore, it is not necessary as a rule to take 
a maintenance dose of quinidine after the first month. But if normal 
rhythm is restored without operation, the after-treatment should be for 
3 or 6 months, and if the patient relapses when it is omitted the choice 
will be between advising an operation or continuing quinidine treatment. 


IV. After-treatment 


In a previous paper (18) it was concluded that as relapses were more 
likely to occur on omitting quinidine, the after-treatment should generally 
be prolonged, but might be short if there was no other evidence of heart 
disease. In this series 5 grains of quinidine were generally given three 
times a day for a month after normal rhythm had been restored. This dose 
was then reduced to twice a day for a month, and later often to once a day, 
at a time depending on the type and severity of the heart disease. Con- 
tinuous treatment with quinidine was generally advised for rheumatic 
patients and for thyrotoxic patients in whom operation was deemed un- 
necessary, but this was not always carried out. In those without goitre or 
a rheumatic heart the after-treatment was generally stopped after three 
months, unless there were some special features. 

It is difficult to decide if after-treatment is necessary or not. There are 
five possible eventualities, viz. : 


(1) without regular quinidine 


Normal rhythm still present (2) with regular quinidine 


Relapse to fibrillation (4) in spite of regular quinidine 


(3) within a few months of stopping quinidine 
(5) one or two years after stopping quinidine 


If most cases fall in group (1) after-treatment is obviously not necessary, 
and this was the case with the patients who had partial thyroidectomy. If 
most patients fall in groups (2) and (3) after-treatment is obviously neces- 
sary. Groups (4) and (5) do not help much, except that the latter shows 
the possibility of maintaining normal rhythm without quinidine. 

Rheumatic cases. Normal rhythm was restored in 36 of these. Group (1), 
which suggests that after-treatment is not necessary, contained 4 very suc- 
cessful cases with normal rhythm after 111 months, 92 months, 45 months, 
and 54 months. But they were exceptional cases, the first two having no 
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enlargement of the heart or valvular disease, in spite of a history of rheu- 
matic fever, and the last two slight, if any, enlargement of the heart 
(maximum transverse diameter by orthodiagram 11-3 and 11-0 cm.), in spite 
of mitral stenosis. 

On the other hand, groups (2) and (3), which suggest that after-treatment 
is necessary, contained 5 and 7 patients respectively, and as these were 
ordinary rheumatic cases with valvular disease and some enlargement of the 
heart they provide a more useful guide. For example, Cases 44 and 47, in 
both of which normal rhythm was maintained for nearly four years, were 
under observation and took quinidine regularly, and for this reason were 
among the most successful in this group, although the latter had high grade 
mitral stenosis and a large heart. Normal rhythm may persist for some time 
without a maintenance dose of quinidine even in such cases, as happened 
in 8 of these patients for an average period of two years. In 12 cases the 
forces tending to produce fibrillation were too strong, and it recurred in spite 
of regular after-treatment, but often this did not happen for some years and 
did not indicate that quinidine had been of no use. 

The following most unpromising case, first described by Parkinson and 
Nicholl (20), proves that prolonged after-treatment with quinidine may be 
successful. In 1922, when he was 47, with some hesitation because of his 
long history and transient hemiplegia, normal rhythm was restored. Six 
years later he was in good health, walking several miles a day, and during 
the general strike bicycled up from Tonbridge for quinidine, which he him- 
self was anxious to take after seeing a friend relapse on its omission. In 
1929 he was readmitted after a relapse, and normal rhythm was restored. 
He took 5 grains t.i.d. for a year and b.id. for eight months, the same 
quantity that he had taken for seven years. He finally relapsed to fibrilla- 
tion after normal rhythm had been maintained for 106 months, and died 
two years later. 

Except in cases with unusually slight signs of rheumatic infection, con- 
tinued treatment with quinidine is advisable. If the patient omits it, and 
if a relapse occurs, it may be worth a second treatment with quinidine 
provided the patient agrees to continuous after-treatment. 

Remaining cases. In those without rheumatic heart disease or goitre 
there was less need for continuous quinidine. Normal rhythm was restored 
in 29 cases. Group (I), which suggests that after-treatment is not necessary, 
contained 12, and as this was nearly half the total they cannot be regarded 
as exceptional. Three of the most satisfactory (Cases XXXVI, XXXVII, 
and XXXVIII) have maintained normal rhythm without continued after- 
treatment, and Case XX XIV, who seemed to need quinidine for the first two 
years, has now kept normal for six years after stopping it. Another 5 
belonged to group (5), as they ultimately relapsed after maintaining normal 
rhythm for an average period of 25 years without quinidine. 

On the other hand, after-treatment was sometimes needed, as groups (2) 
and (3) contained 5 and 4 cases respectively. Case XXXIII relapsed if 
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quinidine was not continued, but maintained normal rhythm for many years 
with it, and another had more paroxysms of fibrillation if it was not taken. 
Four others relapsed within a few months of stopping quinidine, and 3 cases 
relapsed in spite of regular quinidine, e.g. Case XLII, who had already 
relapsed several times when it was reduced in amount. 

Continued after-treatment with quinidine is therefore not generally needed. 
The patient may be allowed to omit it after three months, and if a relapse 
occurs a second treatment with quinidine should be advised, and after- 
treatment should then be continuous. 


TABLE VI 


The Influence of the Size of the Heart on the Result of Treatment (Second Series) * 
Slightly Moderately Greatly 


enlarged. enlarged. enlarged. 
Normal rhythm restored and still main- i2 6 1 
tained 
Normal rhythm restored but not main- 8 10 3 
tained 
Normal rhythm not restored 8 12 12 


* The cases with goitre are not included. 


V. The Size of the Heart 


There is general agreement that much enlargement of the heart makes 
success with quinidine unlikely. We had been so much impressed previously 
with the importance of a short history (18) that where fibrillation was of 
recent onset quinidine was used, even if the heart was large; but it was 
rarely successful. In the second series of cases 71 per cent. of those where 
the heart was only slightly enlarged regained normal rhythm, and 43 per 
cent. still maintain it; with moderate enlargement the corresponding figures 
were 57 and 22; but with great enlargement only 27 and 7 per cent. 
(Table VI). If, therefore, the heart is greatly enlarged quinidine treatment 
should rarely be used. 

The decision as to the degree of enlargement was made on general impres- 
sions after X-ray examination, taking into account the size of the chest. 
It would be satisfactory if agreed figures could be reached relating the size 
of the heart with the weight of each patient, and some tentative suggestions 
on these lines follow. For a patient of about 10 stone anything under 
13-0 cm. maximum transverse diameter may be taken as only slightly 
enlarged, from 13-0 to 14-0 cm. as moderately enlarged, and anything above 
that as greatly enlarged. For a patient of 12 stone or over these figures 
would be 1-0 cm. larger, and for a patient of 8 stone or under about 1-0 cm. 
smaller. 

Table VII shows the average maximum transverse diameter of the healthy 
heart, the upper limit of normal, and the suggested standard for deciding if 
the size of the heart makes treatment by quinidine advisable. The figures 
for the healthy heart have been reached by combining the results of various 
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workers, especially Vaquez and Bordet (23) and Treadgold and Burton (22). 
If the heart is only slightly enlarged on this scale quinidine has a good 
chance of lasting success unless there are other contra-indications ; if the 
heart is greatly enlarged on this scale it should only be used in exceptional 
circumstances. Figures between slightly and greatly represent those called 
moderately enlarged, when other factors must decide. 


TaBLE VII 
The Size of the Heart 


Maximum transversediameter Suggested standard for enlarge- 








of healthy heart (cm.). ment. 
r ‘\ e ty 
Weight of patient. Average Upper normal Slightly enlarged. Greatly enlarged. 
(Ib.) : limit. Less than. More than. 
170 12-6 13-8 14:0 15-0 
140 11-5 12-7 13-0 14:0 
110 10-4 11-6 12-0 13-0 


Changes in the size of the heart. Although the size of the heart was nearly 
always checked by radioscopy, it was only later that our interest became 
focused on accurate orthodiagramatic measurements. In 18 cases reliable 
figures, shortly before and shortly after the restoration of normal rhythm, 
showed that generally the heart diminished in size. In 10 the decrease in 
the maximum transverse diameter averaged 1-4 cm. (14-0 to 12-6 cm.) ; in 
7 there was no change, and in 1 only was there an increase of 0-8 cm., this 
being followed by a relapse to fibrillation in 8 months. In one case in which 
the heart size diminished from 16-3 to 15-2 em. with normal rhythm, it had 
increased again to 16-5 cm. when he relapsed a year later. This reduction 
was not necessarily all due to the restoration of normal rhythm, as some 
may have been due to the rest in bed and digitalization. 

There were adequate measurements in 9 cases where treatment with 
quinidine was carried out on two occasions separated by some years. In 4, 
where the second treatment was successful, there had been no significant 
change in the size of the heart (13-2 to 13-5 cm.). In 2, where after the 
second restoration normal rhythm was only maintained for a few weeks, 
it had increased from 12-8 to 14:1 cm., and in 3, where the second treatment 
was unsuccessful, from 13-1 to 14:1 cm. If there has been an increase in the 
size of the heart a second treatment with quinidine is less likely to be 
successful. 

Three of these are quoted in more detail as observations were available 
over several years. In Case 39 the diameter was 11-9 cm. (chest 20 cm.) 
before the first treatment ; it had increased to 13-2 cm. eighteen months later 
before the second treatment, which was only successful for two months; it 
had increased further to 14-7 cm. after another year during which fibrillation 
persisted. In Case 43 a transverse diameter of 13-3 cm. (chest 22-5 cm.) in 
1930 had increased to 14:0 cm. in 1931 before the second treatment, which 
was not successful, and to 15 cm. three years later. In Case 44 a transverse 
























Case 


24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 


number. 


Case Sex 

number. and 

age. 
8 F 47 
9 F 52 
10 F 53 
11 F 29 
12 M 49 
13 M 956 
14 F 57 
15 F 44 
16 M 48 
17 M 46 
18 M 47 
19 M 59 
20 M 58 
21 F 54 
22 M 42 
23 M 39 


Case Sex and 
number. age. 
1 M 25 
2 F 20 
3 F 42 
4 F 26 
5 F 37 
6 M 20 
7 M 42 
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TaBLe VIII 
Duration Size of 
Valvular B.P. of aur. fib. heart. 
disease. (approx.) (months). (cm.) * 
M.S. 130/60 3 12-8 
M.S. 120/80 1 14-2 
M.S. 125/80 2 13:1 
M.S. 110/80 3 13°3 
M.S. 120/70 3 M. 
M.S. 120/55 1 11-3 
M.S. 125/80 1 11-0 


Percentage 


TABLE IX 


Normal Rhythm Restored and still Maintained. Goitre (16 Cases) 
Duration Max. daily 


Duration Size of 


increase of BS. 
f A.F. 
B.M.R. (approx.) . 
end type.t P (months). 

20 S 135/80 1 

? S 140/75 24 
20) 6 6P 130/75 “| 
23 P 150/80 1l 
22 =P 140/85 2 
34 «S 140/90 1 
40 §S 135/70 18 
47 P 150/70 2 
14 S§ 155/80 6 
49 S 160/85 2 
25 PF 150/80 2 
30 +S 135/70 9 
10 § 140/80 ’ 
29 8 125/85 24 

: 120/70 1 
34 #S 130/80 24 


heart. 
(cm.). 


11-5 
SS) 
13-8 
13-2 
12-5 
M 
14-0 
M 
13-5 
15-0 
11-9 
13-5 
15:8 
11-6 
S 

S 







Normal Rhythm Restored and still Maintained. Rheumatic (7 Cases) 


Duration Max. daily 


of restor- dose of 
ed N.R. = quinidine. 
(months). (gr.). 

45 30 

6 20 

28 30 

14 15 

30 15 

54 15 

21 20 


* Where no measurement was available, S. stands for slightly, M. for moderately, 
and G. for greatly enlarged. 


of restor- dose of 
ed N.R. = quinidine. 
(months). (gr.). 
20 25 
29 15 
19 15 
25 10 
13 15 
19 15 
6 15 
48 30 
6 25 
25 30 
48 20 
14 25 
15 20 
16 25 
36 10 
60 15 


+ P indicates primary, and S secondary hyperthyroidism, 


S7SSSSSRT4SES 


45 
70 
42 
47 
52 
56 
60 
54 
62 
48 
59 
44 


Sex and age. 


Bf. 


(approx.) 


120/80 
130/80 
120/85 


TABLE X 


Duration 
of A.F. 


190/110 


140/95 


150/100 
Normal 


160/75 
160/70 
110/70 
170/80 
145/90 


— 
Pe RR Doe Oboe Oboe 


(months). 


Size of 
heart 
(cm.). 


10-0 
12-3 
13-7 
Ss 
12:8 
14-4 
11-5 
12-5 
11-5 
12-7 
13-5 
11-5 


Duration 
of 
restored 
N.R. 
(months). 
16 
13 
21 
59 
48 
37 
6 
3 
5 
S 
50 
108 


Normal Rhythm Restored and still Maintained. Other Conditions (12 Cases) 


Max. daily 
dose of 
quinidine 
(gr.). 
15 
10 
15 
10 
20 
15 
10 
30 

5 
30 
30 
30 











ily 


ly, 
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diameter of 12:0 cm. (chest 22-0 cm.) remained at this size certainly for 
two years; when a relapse occurred after four years it had increased to 
12-7 cm.; treatment with quinidine was not successful and it increased to 
14-5 cm. during the next year. 


TABLE XI 
Normal Rhythm Restored but not Maintained. Rhewmatic (15 Cases) 
‘ ‘ ‘ Dura- daily 
uration ize oO tion of 
ern Sexand fesion, B-P-(@P- ‘of a, heart restored 1080 of 
ee — yone.;. (months). (cm.). N.R. o> 
(months). (gr.). 
36 M 46 M.S. 130/80 7 M 30 20 
3 F 45 M.S. 155/95 7 M 13 30 
38 M 37 M.S. Normal 3 12-0 28 20 
39 F 40 M.S. 120/70 1 11.9 20 15 
40 M 34 M.S. 120/90 2 16°3 2 35 
41 M 25 A.I.M.S. 140/80 1 Ss 3 15 
42 M 23 M.S. 105/50 1 M 20 30 
43 F 33 M.S. 125/70 2 13°3 18 30 
44 F 23 A.I.M.S. 120/70 2 12-2 48 15 
45 M 47 M.S. 135/85 10 G 20 30 
46 F 13 M.S. 130/80 1 15:0 2 10 
47 F 50 M.S. —-:140/90 3 M 40 15 
48 M 52 M.S. — 8 13-8 9 30 
49 M 42 A.I. — 1 M 27 30 
50 M 5l1 M.S. 140/80 3 Ss 14 20 
TABLE XII 


Normal Rhythm Restored but not Maintained. Other Conditions (6 Cases) 
Duration Max. daily 


Case Sex and B.P. Duration Size of of restored dose of 
number age (approx.) of A.F. heart N.R quinidine 
(months). (cm.). (months). (gr.). 
51 M 55 140/80 8 M 4 20 
52 M 50 120/85 2 13-4 36 10 
53 M 46 130/90 180 Normal 3 35 
54 M 58 190/85 3 14-4 25 30 
55 M 52 130/100 5 M 12 25 
56 M 37 130/80 18 11-7 24 15 


In three others with rheumatic hearts where fibrillation persisted or 
returned quickly, there had been an increase in size, of 2-2, 3-2, and 2-0 cm. 
The heart size has not increased in this way in every unsuccessful case; for 
example, in Cases 62,73, and 78, there was no appreciable change in five years, 
all these having done well with digitalis. Nor does the restoration of normal 
rhythm necessarily prevent an increase. In Case 26 the fibrillation started 
after influenza, and the heart was thought to be normal apart from the 
arrhythmia, but during two years of restored normal rhythm it had increased 
from 13-5 to 14:5 cm. (in a chest of 26-5 cm.), showing that some pathological 
process was affecting the heart. 

In contrast with these cases, in most of which the heart size was increasing 
and the result was sooner or later unsuccessful, there were many very 
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TABLE XIII 
Normal Rhythm not Restored. Rheumatic (18 Cases) 
. Max. daily 
Case Sex and , B.P. Duration Size of dose of 
number age Lesion. (approx.) of A.F. heart uinidin 
‘ ii _—e (months). (cm.). q (gr.) , 
57 F 4il M.S. 140/90 5 14:0 30 
58 F 28 M.S. 110/70 2 13-7 30 
59 F 22 M.S. 125/95 4 17°5 30 
60 M 43 M.S. 210/135 5 M 30 
61 M 59 At. 160/85 3 Ss 30 
62 M 52 M.S. 130/80 4 14:5 30 
63 F 46 M.S. 140/80 > 12°6 30 
64 F 39 M.S. 135/90 8 16:0 30 
65 M 30 M.S. 130/80 2 13-5 40 
66 F 30 M.S. 110/65 5 10:3 20 
67 F 50 M.S. 165/95 3 12-7 30 
68 M 21 M.S. 105/80 2 15-6 35 
69 M 49 M.S. & A.I 130/80 5 G 25 
70 F 23 M.S 120/70 1 14:5 5 
71 M 28 M.S 120/80 4 16-3 30 
72 F 47 M.S 110/70 2 13-8 35 
73 F 60 M.S 200/110 2 11-6 25 
74 F 35 M.S —_ =] G 30 
TABLE XIV 
Normal Rhythm not Restored. Goitre (3 Cases) 
Percentage . : Max. daily 
Case Sex and increase of B.P. Duration Size of dose of 
of A.F. heart icy 
number. age. B.M.R. (approx.). quinidine 
(months). (em.). 
and type. (gr.). 
75* F 62 32:8. 140/80 4 13-6 30 
76+ M 53 28 S. 140/90 2 13-C 30 
77 M 46 PP. 170/90 6 Ss 30 
* Normal rhythm subsequently restored spontaneously. 
+ Has since died of broncho-pneumonia after an operation. 
TABLE XV 
Normal Rhythm not Restored. Other Conditions (14 Cases) 
Duration _ Max. daily dose 
mi Sex and age. " il of A.F. Size = heart of quinidine 
— (appeex.). (months). Gm). (gr.). 
78 M 54 160/100 7 13-2 30 
79 M 47 180/100 7 14:5 30 
80 F 60 210/125 3 11-8 30 
81 F 53 260/120 3 G 30 
82 F 57 210/100 1 13-0 20 
83 M 36 125/85 5 14-4 30 
84 M 60 140/90 1 17:5 30 
85 M 49 130/80 2 14-5 30 
86 M 55 — 10 NY 30 
87 M 69 160/80 24 14:0 30 
88 M 55 150/80 2 13-8 30 
89 F 41 130/80 48 13-3 30 
90 M 48 150/80 24 11-4 30 
91 M 53 190/120 3 17-0 30 
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successful cases where there was no change in size over a long period. In 8 
who have maintained normal rhythm for an average period of seven years 
measurements showed that there had been no change; in 5 of these after- 
treatment with quinidine was not needed. 

As all cases with adequate measurements have been quoted, and many 
others have given the same impression, it seems that the restoration of 
normal rhythm generally reduces the transverse diameter of the heart by 
about 1 cm.; that an increasing heart size militates against the maintenance 
of normal rhythm and is likely to prevent successful treatment after a re- 
lapse; and that a stationary size is generally found where the response to 
quinidine continues to be good. 


VI. Discussion and Conclusions 


Several authors recently have expressed rather unfavourable views about 
the value of quinidine. Lewis (13) states that probably its use will become 
confined to cases which present no other signs of heart disease and to fibril- 
lation with hyperthyroidism. Grant (8) says that quinidine treatment was 
abandoned because most cases soon reverted to fibrillation, and Cowan and 
Ritchie (4) that the restoration of normal rhythm is rarely attended by 
clinical improvement and that sooner or later the auricles revert to fibril- 
lation. The first part of this statement is entirely contrary to our experi- 
ence. These views perhaps depend on the earlier experience where every 
patient with fibrillation was treated, with the result in one series (12) that 
only 1 of 38 patients maintained normal rhythm after nine months. 

East and Bain (6) and White (26) give a fairer summary of modern views. 
‘If a heart commences to fibrillate, and neither heart failure nor an active 
infection, nor advanced mitral stenosis is present, an attempt should be 
made to regain normal rhythm with quinidine at once’ (6), and ‘if the 
patient with auricular fibrillation has no congestive failure or serious heart 
disease or history of embolism he should be considered suitable for quinidine 
therapy ’ (26). In 28 cases kept under observation for six years, Bramwell 
and Ellis (2) found definite and lasting benefit in 9 (32 per cent.). Harris (9) 
found that normal rhythm was restored in 26 of 43 cases, and was main- 
tained for two years in 24 per cent. 

One of the most valuable studies is by Wolff and White (27), as it deals 
with 71 unselected cases treated before 1923 and with 62 selected cases 
treated in 1923-8. Normal rhythm has been maintained for six years in 
12 per cent. of the first series who responded to quinidine, and for a maxi- 
mum period of four years in 30 per cent. of the second series. With most of 
their conclusions we are in agreement, but we have found that the hyper- 
thyroid cases respond much better than the arteriosclerotic and hypertensive, 
and that the size of the heart is of greater importance than they indicate. 
They agree that when the heart is not enlarged the case is very favourable, 
but did not find the degree of enlargement had much influence; probably 
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this is true of the restoration of normal rhythm, but not as regards its 
subsequent duration. 

Several opinions have been given about the cases in which quinidine is 
specially indicated. Hurxthal (10) thought it should not be used in those 
with valvular disease or congestive failure, and in a later paper (11) recorded 
successful treatment in 88 per cent. of those where fibrillation was due to 
a goitre. Maynard (15) concluded that the most favourable cases for 
quinidine are those of short duration, without congestive failure or advanced 
mitral stenosis. Newman and Spiro emphasized the importance of X-ray 
examination of the heart (16), and thought that patients with arterio- 
sclerosis or hypertension were more satisfactory than those with mitral 
stenosis (17), but in our experience this is not true of high blood-pressure. 
Stroud, Laplace, and Reisinger (21) reviewed 253 cases, and concluded that 
it should only be used in younger patients with slight or no cardiac abnor- 
mality except the arrhythmia, or in thyrotoxic cases. We have not found 
age to be an important factor. 

Summary and conclusions. The after results of treatment with quinidine 
have been followed in two series of patients, one first treated in 1923-8, and 
the other in 1929-34; almost all have been followed up to December 1934, 
or until fibrillation recurred. Quinidine restored normal rhythm in 64 per 
cent. of 135 cases. In 34 per cent. it is still maintained after an average 
period of nearly four years. In 30 per cent. it was restored, but fibrillation 
recurred after an average period of two years. In 36 per cent. quinidine 
failed to restore normal rhythm, or did so for such a short time that it was 
of no practical importance. 

Of the earlier series 25 per cent. still maintain normal rhythm after 
nine years, and 39 per cent. of the later series after two years. Quinidine is 
therefore an effective and often a lasting treatment for auricular fibrillation; 
its success depends on the careful selection of suitable patients. The dura- 
tion of fibrillation before treatment, the size of the heart, and the aetiology 
are all important in estimating the chance of restoring normal rhythm, and 
even more so, of maintaining it for a long period. 

Nearly half the cases where fibrillation had been present for less than 
a month still maintain normal rhythm, about a quarter of those where it 
had been present between one and six months, but few of those where it had 
been present for longer. Where the heart was only slightly enlarged, 
38 per cent., where it was moderately enlarged, 18 per cent., but where it 
was greatly enlarged only 5 per cent. are still satisfactory. Standards for 
the size of the heart for different body-weights have been suggested to help 
in deciding if quinidine should be used. 

The aetiology is important, and is the main factor in deciding if con- 
tinuous after-treatment is necessary. Where there is mitral stenosis the 
period of restored normal rhythm is not likely to exceed four years. Only 
14 per cent. of our cases with valvular disease maintain normal rhythm, 
and in most of these the heart is slightly, if at all, enlarged. Two very 
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successful results were in patients with a history of rheumatic fever, but no 
evidence of mitral stenosis; they have maintained normal rhythm for over 
eight years without continuing to take quinidine. But in the others with 
mitral stenosis the average period is as yet only twenty-seven months, and 
most of them have continued to take it. With appreciable enlargement of 
the heart, therefore, continuous after-treatment with quinidine is necessary. 
In those who have relapsed the average period of restored normal rhythm 
was nearly two years. 

Where fibrillation is present without mitral stenosis or a goitre, the selec- 
tion of cases may be made more leniently, and under favourable circum- 
stances the rhythm may remain normal for ten years or longer. In 39 per 
cent. it is still maintained after an average of five years. In the 15 who could 
be classified as having no signs of heart disease except the arrhythmia, it is 
still maintained in 70 per cent. after the same period. After-treatment is 
not generally needed for more than three months, but if relapse occurs on 
omitting quinidine, a second course should be given, and, if successful, 
quinidine should be continued for longer. In those who have relapsed the 
average period of restored rhythm was over two years. 

Where fibrillation is due to a goitre, nearly all cases should be treated, as, 
when necessary, an operation will change an unsuitable case into one 
suitable for quinidine. The duration of fibrillation, and even the size of the 
heart, are much less important in this group. A lasting success should 
generally be achieved, and normal rhythm is still maintained in 80 per cent. 
after an average of forty months. In three it has been maintained for nine 
years, and in three others for four years. With partial thyroidectomy con- 
tinuous after-treatment with quinidine is not called for. If the patient is 
treated without operation the continuous administration of quinidine may 
be, but is not always, needed. 

Thorough digitalization is important before starting treatment by quini- 
dine. Any infection, even a trivial one, may prevent success. Except for 
the possibility of embolism, which is not a grave risk, serious complications 
are rare. 

Quinidine has an important place in the treatment of auricular fibrilla- 
tion—provided the cases are carefully selected. The ordinary patient seen 
in hospital is quite unsuitable; the risk is too great, and if fibrillation is 
arrested it generally returns too soon. Satisfactory results are abtained by 
paying attention to three main criteria: the absence of congestive failure, 
of a greatly enlarged heart, or of a long history of fibrillation. 

The case is eminently suitable for treatment with quinidine and should 
certainly be given this opportunity of regaining normal rhythm, if there 
have been no signs of failure, and if the heart is only slightly enlarged (less 
than 13-0 cm. maximum transverse diameter in a patient of about 10 stone), 
and if fibrillation has been established less than one month. 

The case is not suitable if there has been gross congestive failure or if any 
signs of failure persist after treatment with rest and digitalis, or if the heart 
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is greatly enlarged (more than 14:0 cm. maximum transverse diameter in a 
patient of about 10 stone), or if fibrillation has been established for six months. 
The presence of any one of these three usually means that treatment with 
digitalis should be preferred. In intermediate cases the decision will be 
made according to how nearly they fall into one or other of these groups. 

When there is mitral stenosis these conditions must be strictly observed. 
Least attention need be paid to them if fibrillation is due to a goitre, as, if 
necessary, partial thyroidectomy will convert an unfavourable case into one 
favourable for quinidine. 


Some of this work, including the follow up of the second series by F. W.G., 
was accepted as an M.D. thesis by the University of Aberdeen. 
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STUDIES IN COELIAC DISEASE? 


By ELEANOR BADENOCH anp NOAH MORRIS 


(From the Department of Paediatrics, Glasgow University, and the Bio- 
chemical Laboratory, Royal Hospital for Sick Children, Glasgow) 


I. CARBOHYDRATE METABOLISM 


ALTHOUGH disturbance in fat absorption is generally recognized to be of 
primary importance in coeliac disease, intolerance to carbohydrates has 
long been recognized as an important clinical feature. The characteristic 
frothy acid stools seen in severe cases are attributed to this fault. How- 
land (15) in 1921 recognized its significance when he advised the restric- 
tion of dietary carbohydrate to a minimum until convalescence was well 
advanced. 

Owing to the impracticable nature of carbohydrate balance-studies the 
actual fate of ingested carbohydrate in coeliac disease has not yet been 
determined. This accounts for the conflicting results of observers who have 
attempted investigations on these lines. Thus in coeliac disease McCrudden 
(14) obtained subnormal values for the faecal content of the lower fatty 
acids which are formed from decomposition of carbohydrates, whereas 
Schaap (28) found a larger content of faecal carbohydrate than in other 
conditions. 

Since the introduction of modern micro-methods for the estimation of 
blood-sugar, the estimation of the blood-sugar curve after ingestion of 
glucose has given some insight into intermediate carbohydrate metabolism. 
Unfortunately there is such a complexity of factors involved in the regula- 
tion of the blood-sugar that when aberrations from the normal are obtained 
it is often difficult to decide which part of the regulating mechanism is at 
fault. Furthermore, even in health, variations may be found unless care is 
taken to conduct the test under standard conditions, for the nature of the 
previous diet, the length of the fasting period, and other factors have a 
marked effect on the shape of the blood-sugar curve. In coeliac disease 
this method of investigation has received considerable attention during the 
past seven years. Fanconi (6) in 1928 found in most instances only an 
insignificant rise of blood-sugar after glucose, but on occasions he obtained 
a prolonged type of curve. Thaysen and Norgaard (36) described the findings 


1 Received October 24, 1935. 
(Q.J.M. New Series No. 18] 
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in thirteen patients at varying stages of the disease. Using the Hagedorn- 
Jensen method, they obtained subnormal fasting values which, however, 
were rarely below 70 mg. per cent. In the active stage the curves were low 
and often irregular with a rise at the end of two hours. As convalescence 
advanced the curves became higher although the fasting levels remained 
low. Svensgaard (33) reported in five cases normal fasting values but a 
very slight rise after ingestion of glucose (1-2 grm. per kg.). No significant 
alteration was observed when the tests were repeated at intervals of months 
or years. She came to the conclusion that the flat blood-sugar curve was 
a valuable diagnostic sign. Macrae and Morris (21) reported a series of 
six cases with normal or subnormal] fasting values and curves which were 
flat in the active stage but more normal in type during convalescence. 
Parsons (27) reported similar results, and Bennett, Hunter, and Vaughan (1) 
in adolescent cases of non-tropical sprue obtained eleven low curves with 
subnormal fasting levels and two normal curves. 

The present series of investigations was carried out on seven children with 
coeliac disease. The method of estimating blood-sugar was the micro- 
method adapted from the standard Folin-Wu technique by Herbert and 
Bourne (11). Before giving our results in coeliac disease it will be of interest 
to consider briefly the findings obtained in a group of apparently healthy 
children of various ages. 


Blood-sugar Curve in Healthy Children 


Svensgaard (33) has dealt with this problem in a valuable review. Sum- 
ming up the findings of previous authors she came to the conclusion that 
children who had been without food for four hours or longer showed fasting 
blood-sugar values somewhat lower than those for adults. In children 
under one year she found that the ingestion of 1 grm. of glucose per kg. 
produced a smaller rise of blood-sugar (maximum 120-140 mg. per cent.) 
than did the ingestion of 1-5 grm. of glucose per kg. in older children in 
whom the blood-sugar curve (average maximum, 155 mg. per cent.) 
resembled the adult type. 

In the present series eighty-eight estimations of the fasting blood-sugar 
were obtained in apparently healthy children. It will be observed that 
there was little difference in the figures obtained for the various age groups 
(Table I). After ingestion of glucose (1 grm. per kg. body-weight) the 
older children showed a definitely higher rise which occurred sooner (Fig. 1) 
than in the younger. The adult type of curve was seldom found before the 
age of four years, was gradually approached in the next four years, and 
became the rule rather than the exception after eight years of age. Inges- 
tion of glucose in amount corresponding to 2 grm. per kg. increased the height 
of the curve and delayed the fall (Fig. 2). Herlitz (12) obtained similar 
results, and Svensgaard (33), although she did not obtain much variation in 
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the duration of the hyperglycaemia, also found higher maximum values 
than with 1 grm. per kg. 


TABLE I 


Fasting Blood-sugar Level in Various Age Groups 
Age groups in years. 
4 eS 
0-4 4-8 8-13 


No. of estimations 18 38 32 
Average fasting blood-sugar (mg. per cent.) 81-4 78-9 83-0 
Maximal and minimal values for fasting blood-sugar 72-7-95-2 70:1-86:9 177-0-93-0 


(mg. per cent.) 
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Fic. 1. Composite blood-sugar curves at different ages (normal children). 


The Blood-sugar Curve in Patients with Coeliac Disease 


Twenty curves after 1 grm. per kg. were determined in seven patients at 
widely differing stages of the disease (Table II). In accordance with the 
findings of Thaysen and Norgaard (36) and Macrae and Morris (21), it was 
only in the active stage that the extremely flat curve was obtained (Fig. 3). 
In convalescent periods the normal type was approached, although some 
curves showed a delayed rise and fall, the maximum being reached only at 
1-14 hours after the ingestion of glucose. One patient (J. W.) in good 
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Fic. 2. Showing effect of increasing dose of glucose on blood-sugar curve in normal 





children. 
TABLE II 
Blood-sugar Curves in Patients with Coeliac Disease 
Blood-sugar mg. per cent. Rise in a 
Name. \ mg. per he 
Fasting. $hr. Ihr. l}hrs. 2hrs. cent. eeniaean 

G. B. 66-7 111-1 833 806 67-9 44-4 Good 
B. G. 60-6 104-1 66-6 68-8 62:5 43-5 Good 


70-6 800 865 85-1 80-0 16-5 Poor. (Stools pale, 


offensive. Vomiting) 
74-0 105-2 93-9 90-0 71-4 31-2 Good 


60-0 6255 79:7 1048 88-9 44-8 Good 


W. McK. 58-0 66:7 64-1 63-0 60-0 8-7 Poor 
64:5 769 101-7 99:0 84-0 37:2 Moderately good 
D. McL. 61-0 67-0 68:0 63:0 67-0 70 Poor 


50-0 52-6 58-8 57-7 50-0 8-8 Poor 
73-5 76:0 103-6 77-0 77-0 30:1 Good 
66-7 75-4 100-0 83-7 80:0 33°3 Good 


M. O’B. 83-0 85:0 100-0 95-0 70-0 17-0 Good 
62:5 88-2 79:7 100-0 62-5 37-5 Good 
64-5 1000 85-1 86:9 74:0 35-5 Good 


E.8. 64:5 666 688 73:0 80-0 15-5 = Poor 
41-7 38-4 43-8 41-7 40-0 2-1 Very poor 
50-0 600 65:2 545 43-5 15-2 Very poor 
74-0 80-6 913 1000 69-7 26-0 Good 


J.W. 73-0 74:0 76-0 74:0 71-0 3:0 Poor 
71-4 108-1 139°8 153-8 114-2 82-4 Excellent 
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condition clinically showed a high rise, 153-8 mg. per cent. at 14 hours 
with a fall to 114-2 mg. per cent. at 2 hours. In all but one the fasting 
blood-sugar in the active stage was below 70 mg. per cent. and in four 
below 60 mg.: the lowest figure was 41-7 mg. per cent. 


160 





we 
ra \" 
140 








120 7 q 





if * ‘ A 
100 v4 


MG. PER CENT 





ao S-- -—-- q \ 
80 , 





60; 











—-— Good Clinical Condition 

— Poor 9 ” 

a bectanaie ” ” (3 Types) 
\ | 














40-— 
Fasting hrs. % 1 % 2 
AFTER GLUCOSE, 1GM.PER KILO BODY-WEIGHT 
Fic. 3. Types of blood-sngar curve (composite) in coeliac disease. 


Flat Blood-sugar Curve not Pathognomonic of Coeliac Disease 


Svensgaard (33) (1931) as a result of her investigations concluded that 
a flat blood-sugar curve was a valuable diagnostic sign of coeliac disease. 
Our results, together with those of previous workers, show that the flat curve 
is only obtained during the active phase. The next question to be con- 
sidered is whether a flat curve necessarily indicates coeliac disease. Thaysen 
(34) (1929) and Jensen (17) (1930) state that apart from coeliac disease low 
curves are not uncommon. Again, in malnourished infants, the frequent 
occurrence of a low-fasting blood-sugar has been found by Guy (9), Brown (2), 
and other observers. Brown stated that the blood-sugar response to the 








232 QUARTERLY JOURNAL OF MEDICINE 


ingestion of glucose (1 grm. per kg.) was similar to that found in healthy 
infants. A scrutiny of her results, however, reveals three flat curves in her 
series of marasmic cases and two amongst those classified as cases of incor- 
rect feeding. 

TaBLe III 


Blood-sugar Curves in Undernourished Infants 


Blood-sugar mg. per cent. Rise in 
\ Img. per 
Fasting. $hr. Llhr. Ijhrs. 2hrs. cent, 





Diagnosis. 
Percentage 
expected 
weight. 


for) 
— 


Incorrect 77-2 1025 81-3 79-3 82-6 25:3 


feeding 


for) 
rs 


Incorrect 
feeding 


76-9 84-0 77-8 70-4 23:6 


fz) 
— 


Incorrect 67:1 83-3 . 78-4 65:5 16-9 


feeding 
Marasmus 87-7 93-8 85:1 61 
Marasmus 51:3 83-3 76:9 


Gastro- 67:8 75-5 88-8 
enteritis 


Enteritis 60-0 : : 75-0 75:3 


TABLE IV 


Blood-sugar Curves in Cretinism 


Age in Benton mg. per cent. 


years. 


eee ie Rise in mg. 
Fasting. hr. 1 hr. 1} hrs. 2 hrs. pom. 
4 60-0 68-2 61-2 60-0 62-5 8-2 
4/12 50-0 81-9 88-5 64-5 44-4 38-5 
3} 66-7 106-4 86-9 93-9 90-1 39-7 
5/12 47-6 95-2 104-1 73-5 34-4 56°5 
Dose of glucose —1 grm. per kg, body-weight. 





Table III shows the blood-sugar response to glucose administration in six 
under-nourished infants, one of whom had gastro-enteritis, and in one well- 
nourished child of 18 months with enteritis. It is clear that the height of 
the curve is below normal in all cases, and that the actual rise was poor in 
all but one in whom the fasting blood-sugar was low (51-3 mg. per cent.). 

In cases of cretinism, also, the fasting blood-sugar is low and the rise after 
glucose subnormal. In only one of the four cases recorded in Table IV did 
the increase exceed 40 mg. per cent., and in this instance the child had been 
receiving thyroid extract (3 gr. daily) for one week prior to the test. The 
flat curve in cretinism has already been pointed out by Svensgaard (33) who 
found that thyroid administration raised its height. 

From these results it is clear that the flat blood-sugar curve as a dia- 
gnostic sign in coeliac disease must be accepted with caution, and only in 
conjunction with the clinical findings. 
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The Cause of the Flat Blood-sugar Curve in Coeliac Disease 


Whatever the cause, it is clear that in the patient with active coeliac 
disease the blood-sugar fails to respond normally after the ingestion of 
1 grm. of glucose per kg. body-weight. There are several possible causes for 
this abnormality, and these may be grouped as follows :—(1) defect in the 
absorptive power of the intestinal mucous membrane, (2) delay in absorp- 
tion due to physico-chemical changes in the contents of the small intestine, 
and (3) abnormality in the metabolism of carbohydrate after absorption. 

1. Defect in absorptive power of intestinal mucosa. Svensgaard (32) (1930) 
described a case of coeliac disease with a flat blood-sugar curve after 1-5 
and 2 grm. glucose per kg. body-weight, but a rise of 77 mg. per cent. in 
the blood-sugar after the administration of 4 grm. per kg. She concluded 
that with the larger dose of glucose it was possible to break through the 
barrier that prevented the increase in blood-sugar. It is important, how- 
ever, to note that Svensgaard’s patient was in an improved state of health 
when the test was performed with 4 grm. glucose per kg. 


TABLE V 


Showing Effect of Increasing Dose of Glucose on Blood-sugar Curve in Coeliac 
Disease 


Amt. of glucose Blood-sugar mg. per cent. Rise in 
grm. per kg. r \ mg. per 
body-weight. Fasting. 4 hr. lhr. l}hrs. 2hrs. cent. 

Good 1 74-0 105-2 93:9 90:0 71-4 31-2 

Good 65-5 173-9 1941 153-8 117-6 128-6 


2 

Good 1 66-7 75-4 100-0 83-7 80-0 33:3 

Good 2 67-7 133-3. 194-1 166-7 97-5 126-4 
i 


Pale bulky 66:7 111-1 83-3 80:6 67:9 44-4 
stools 

Loose 2 64:5 103-6 98-5 98-5 80:0 39-1 
stools 


Clinical 
condition. 





Name. 


In three of the cases of the present series the blood-sugar curve was deter- 
mined after giving 1 and 2 grm. glucose per kg. respectively (Table V). 
Two of the patients were convalescent, and in both ingestion of the higher 
dose of glucose caused a supernormal increase of blood-sugar. In the third, 
the motions were typical of coeliac disease at both tests and the curve was 
not increased in height although it was slightly more prolonged with the 
higher dose of glucose. It would appear, therefore, that the barrier can be 
broken through by an increase in the amount of glucose ingested only when 
there is a remission of the acute phase of the disease. 

As it is probable that osmosis plays a part in the absorption of glucose, 
other crystalline substances of relatively simple molecular structure should, 
if there is defect in absorption by osmosis, behave in a similar manner to 
glucose. A study of the absorption of such a substance, namely urea, 
throws some light on the problem of glucose absorption. It is generally 
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agreed that during a non-diarrhoeal period of coeliac disease nitrogen 
absorption is quite satisfactory (Parsons (27)). Morris and Macrae (21) 
found that the faecal output of nitrogen was high only when the fat absorp- 
tion was markedly defective, and they suggested that when a high nitrogen 
content of the faeces is obtained it is due to difficulty in the digestion of the 
food proteins. They stated that urea was excreted as speedily by the 
patient with coeliac disease as by the healthy subject. This line of in- 
vestigation has been continued and the absorption of urea studied by 
following the variations in the non-protein nitrogen of the blood after the 
ingestion of urea, and also by determining quantitatively the excretion of 
urea in the urine. 


TABLE VI 


Effect of Ingestion of Urea on Blood Non-protein Nitrogen in Patients with 
Coeliac Disease 


Blood non-protein nitrogen mg. per cent. 





Name. — 
Fasting. 3 hr. 1 hr. 2 hrs. 3 hrs. 

G. B. 34-2 45-4 57-4 62-5 54-9 
37:0 38-4 43-4 45-4 62-5 

B. G. 52-0 58-7 100-0 111-0 100-0 
W. McK. 34:7 55-5 66-6 73-5 78:1 
D. McL. 39-0 50-0 55:0 55:0 92-0 
M. O’B. 38-4 62:5 96-1 90-9 83-3 
PS. 41-7 55°5 50-0 57-5 67-5 
J. W. 26-7 40-0 45:4 50-0 62-5 


A. Blood non-protein nitrogen curve after ingestion of urea. A sample of 
capillary blood was obtained before, and half an hour, one, two, and three 
hours after the ingestion of 15 grm. urea dissolved in 100 ml. of water 
flavoured with 30 ml. of syrup of lemon. 

The test was performed in the morning after the night’s fast and food 
was not given until three hours after administration of the urea. The non- 
protein nitrogen of the blood was estimated by the micro-method of Folin 
and Svedberg (7). 

The fasting levels varied between 26-7 and 52-0 mg. per cent., the average 
being 38-0, somewhat higher than the normal average, in contradistinction 
to the low values obtained by Bennett, Hunter, and Vaughan (1). The 
curves rose to high levels at two hours, and in five instances still continued 
to rise at three hours (Table VI). The continued rise after two hours 
resembles that observed by Tindal (37) in a group of children with hepatic 
disease. Unlike what occurred in cases of liver inefficiency, however, there 
was no delay in absorption of urea. 

In six of the seven patients the motions were bulky and offensive when 
the non-protein nitrogen curve was determined. One may, therefore, con- 
clude that even in an acute stage of the disease absorption of a simple 
nitrogenous compound is not impaired. 
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B. Excretion of urea following ingestion of urea. If any further proof is 
required of the ability of the patient with coeliac disease to deal with a simple 
nitrogenous compound it is provided by the rapidity with which ingested 
urea is recovered in the urine. If a healthy child is given 15 grm. of urea 
we have found that, though 80 per cent. may be recovered within the first 
twenty-four hours, it takes two to three days for it all to be excreted. On 
the other hand, in one patient with coeliac disease the urea was completely 
excreted within twenty-four hours of its administration, and in another the 
excess urea appeared in the urine within forty-eight hours. 

The fact that there is no impairment in the absorption of urea together 
with the absence post mortem of any histological abnormalities in the wall of 
the intestine support the view that the condition of the intestinal mucosa 
cannot itself be held responsible for the flat blood-sugar curve. Neither can 
increased rate of passage of foodstuffs through the alimentary canal be held 
responsible for the low blood-sugar, since it has been shown in a previous 
paper (Macrae and Morris (21)) that this does not occur. 

2. Delay in absorption due to physico-chemical changes in the intestinal con- 
tents. This, perhaps, is the view which has received most support. It 
would appear to offer an explanation of many of the outstanding features of 
coeliac disease. The presence of large amounts of unabsorbed fat must tend 
to prevent adequate contact of glucose or other foodstuff with the intestinal 
mucosa. In these circumstances one would expect that the' carbohydrate 
would be slowly absorbed and that little impression would be made on the 
level of the blood-sugar. In addition, as a result of prolonged exposure to 
fermentative processes, carbohydrate would undergo decomposition to the 
lower fatty acids and CO,. This, indeed, is the reason that makes direct 
carbohydrate balance experiments impossible. Simple analysis of the faeces 
for glucose is quite valueless as a means of deciding whether glucose has or 
has not been absorbed. The evidence brought forward recently by Schle- 


' singer and Keele (29) can be criticized on this ground. 


Effect of simultaneous ingestion of fat or protein with glucose on the blood- 
sugar curve in normal children. The fundamental feature of coeliac disease 
is the presence in the intestine of large amounts of fat. It is, therefore, of 
importance to determine in the normal intestine the effect on the absorption 
of glucose on the presence of fat. The effect of various foodstuffs on the 
absorption of carbohydrate has already received attention by several 
workers. Jacobsen (16), in 1913, found that in adults the ingestion of 
165 grm. white bread raised the blood-sugar to 138-192 mg. per cent., 
whereas, after the same amount of bread with 85 grm. butter, the maximum 
was only 116-155 mg. per cent. He concluded that this might be due to 
either or both of two causes: (1) the fat by forming an envelope round the 
particles of bread prevented complete digestion of the carbohydrate; or 
(2) the passage of the starch through the bowel was accelerated with a con- 
sequent shortening of the time available for digestion and absorption. 
Nassau and Schaferstein (25), investigating the effect of various foodstuffs 
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in healthy children, also came to the conclusion that fat interfered with 
absorption of glucose while egg albumin had little effect. Herlitz (12) has 
criticized these latter results on the ground that different children were used 
as controls to whom only glucose was given. Brown (2) found both in nor- 
mal and marantic infants that administration of lactose with water and with 
milk mixtures of varying fat percentage produced similar curves. Nissen (26) 
determined the blood-sugar curve in sixteen normal children after the ad- 
ministration of glucose (1, 2, and 3 grm. per kg.) together with fat (2 grm. 
per kg.), and found that his results with 3 grm. of glucose were similar to 
those obtained by Svensgaard (33) in normal children with 1-5 and 2 grm. 
per kg. without fat. He concluded that ingestion of fats with carbohydrates 
did not influence the course of alimentary hyperglycaemia, but this inference 
can be criticized on the ground that he did not carry out glucose tests on the 
same group of children to whom he gave glucose and fat. 

The blood-sugar curve was determined in healthy children after the ad- 
ministration of (a) 1 grm. of glucose per kg. alone, (b) 80-100 ml. of 40 per 
cent. cream with the glucose, and (c) 0-5 grm. of protein (protosol) per kg. with 
the glucose. The results are given in Table VII. In each instance the asso- 
ciation of fat with the glucose produced considerable flattening of the curve, 
while the addition of protein caused little difference to the height of the 
curve. Before the significance of these results in relation to coeliac disease 
is discussed, it is of advantage to consider the effect of fat on the absorption 
of urea in healthy children. 

Effect of fat on the blood non-protein nitrogen curve in healthy children. The 
blood non-protein nitrogen curves after the administration of urea with and 
without 100 ml. of 40 per cent. cream were determined in five apparently 
healthy children. The results, which are given in Table VII, show that the 
addition of the cream did not lead to any delay in absorption but produced 
a prolonged rise of the blood non-protein nitrogen similar to that obtained 
in our patients with coeliac disease and to that observed by Tindal in patients 
with hepatic inefficiency. 

The flattening of the blood-sugar curve when fat is administered simul- 
taneously with glucose would appear to offer an easy solution of the problem 
of the low curve in coeliac disease, viz. that owing to the presence of large 
amounts of fatty substance in the small intestine, there is mechanical 
hindrance to absorption. Against this hypothesis, however, is the fact that 
in cases of non-coeliac steatorrhoea such as those due to tuberculous peri- 
tonitis or jaundice, where presumably there is an excess of split fat in the 
bowel, as in coeliac disease, the blood-sugar curve is normal in type (Macrae 
and Morris (21), Svensgaard (33)). Further evidence against the simple 
mechanical explanation is the fact that even in healthy children the effect 
of fat is not to delay the rise but to prolong the blood non-protein nitrogen 
curve after urea. It is significant, however, that this alteration in the non- 
protein nitrogen resembles what takes place in coeliac disease. It seems 
possible, therefore, that the presence of fat in excess in the alimentary tract 
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in healthy subjects alters the physico-chemical conditions in the gut to 
approximate those found in coeliac disease. 

Among the explanations put forward to account for the low blood-sugar 
curve is that glucose undergoes excessive fermentation in the gut, so that 
less is available for absorption. 


TABLE VIII 


Effect of Addition of Fat on the Blood Non-protein Nitrogen Curve after Urea 
in Healthy Children 


Blood non-protein nitrogen mg. per Blood non-protein nitrogen mg. per 








- “ p cent. (Urea alone.) cent. (Urea + Fat.) 

s 2 S Fasting. }hr. lhr. 2hrs. 3 brs. Fasting. $hr. lhr. 2hrs. 3hrs. 
6 7 34-2 454 500 416 38-4 27-5 49-5 61:7 63:3 62-5 
7 9 20-0 31:2 43-1 40:0 33:3 28-4 43°38 52-1 53-1 58:8 
8 11 22:3 28-7 57-4 37:3 — 23-1 40:9 454 585 48-4 
9 4 21-6 34:2 376 480 26-1 26-1 29-4 39:6 51:0 60-2 

10 7 28-5 485 55:5 67:5 403 25-7 37-1 442 652-1 61-7 

Mean : 25:3 37-6 48-7 46-9 34:5 26-2 40-1 486 55-6 58-3 


In paediatric practice the value of the banana in the treatment of coeliac 
disease is thought to depend on the fact that it contains carbohydrate which 
is not readily fermented. Haas (10) recognized it as a useful article of diet 
for coeliac disease. MacLean and Sullivan (20) suggested that its virtue 
lay in the fact that the invert sugar which it contained was more efficiently 
utilized than dextrose, and supported this view by their finding that, in two 
cases, the substitution of laevulose for half the amount of dextrose produced 
a much higher rise of blood-sugar than when dextrose only was given. 

In order to test this hypothesis a blood-sugar curve was determined in 
each of four healthy chiidren and in four patients with coeliac disease, after 
the ingestion of an amount of banana containing the equivalent of 1 grm. of 
glucose per kg. body-weight. (According to Sherman’s (30) table the edible 
portion of a banana contains 22 per cent. of sucrose.) The results were 
compared with those obtained after 1 grm. of glucose per kg. (Table IX). 
The composite curves from these experiments show that in the healthy child 
the ingestion of banana produced a maximum rise only slightly higher 
(9-1 mg. per cent.) than did glucose, whereas in coeliac patients banana 
caused an average increase of 59-2 mg. per cent. as against 22-9 mg. per cent. 
produced by glucose. Furthermore, little difference is to be noted in the 
shape of the ‘ banana’ curves obtained from two groups of children, except 
that in coeliac disease it is at a lower level throughout. 

It might be argued that since invert sugar, when digested, produces equal 
amounts of dextrose and laevulose, the sum of the responses to dextrose and 
laevulose respectively in the patient with coeliac disease might be equivalent 
to the response to banana. In three cases the laevulose curve was deter- 
mined within a few days of the banana and glucose curves, and in all three 
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patients the sum of the increases in blood-sugar after dextrose and laevulose 
respectively is much less than the rise after ingestion of the equivalent 
quantities contained in banana. It would appear, therefore, that the carbo- 
hydrate contained in banana is capable of raising the blood-sugar to a normal 
height, which neither glucose nor laevulose is able to do. The reason for 
this is not clear, but a possible explanation is the resistance of banana sugar 
to fermentative processes. These results afford further evidence that fer- 
mentation in the bowel is an important factor in determining the flat blood- 
sugar curve. The ready absorption of urea in coeliac disease is explained by 
the fact that whether or not it is broken down into an ammonium salt it is 
easily absorbed as a result of simple osmotic processes. 

3. Disturbance in intermediate carbohydrate metabolism. Many investigators 
have suggested that here lies the main cause for the abnormality in the 
blood-sugar curve. Great stress has been laid on the presence of some endo- 
crine disorder. A discussion of this aspect of the problem is postponed to 
the following section. Meanwhile it is desirable to consider evidence of 
hepatic disturbance. 

Blood-sugar curve after laevulose. It has been shown by several workers 
(Brown (3)) that a rise in the blood-sugar of 30 mg. per cent. or more after 
the ingestion of laevulose is evidence of liver inefficiency. Brown (3), 
MacLean and Sullivan (20), Svensgaard (33), and Macrae and Morris (21) 
found that in none of their patients with coeliac disease was there more than 
a slight increase in blood-sugar after laevulose, although in two cases re- 
ported by MacLean and Sullivan (20) galactosuria occurred after the ingestion 
of galactose. 

In four cases of the present series blood-sugar curves were determined 
after laevulose while the patients were in good condition. In three the 
increases noted were 40, 46, and 52 mg. per cent., indicating a mild degree 
of liver inefficiency. In the fourth there was only a slight rise (7 mg. per 
cent.) of blood-sugar. Tests of liver inefficiency are notoriously unsatisfac- 
tory, and it is not desired to lay undue stress on the fact that in three out of 
four convalescent cases there occurred a rise of more than 30 mg. per cent. 
in the laevulose blood-sugar curve. If these results indicate a mild degree 
of hepatic inefficiency it would suggest that the negative results reported by 
previous workers were due, not to the absence of hepatic inefficiency in their 
cases, but rather to the fact that absorption was so poor that laevulose did 
not reach the liver sufficiently rapidly to make any inefficiency evident. 

Some supporting evidence is afforded by the frequent occurrence of a low 
fasting level of blood-sugar. Mann and Magath (22) showed that hypo- 
glycaemia is rapidly produced by partial or complete removal of the liver 
in dogs, while Moore and O’Farrell (24) have found that hepatitis in man is 
associated with hypoglycaemia. Gilchrist’s (8) work has, however, shown 
that reduction in the carbohydrate intake such as is associated with a high 
fat diet is almost invariably accompanied by a reduction in the level of the 
fasting blood-sugar. A further point of interest is that the ‘lag’ curve 
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obtained when children are on a ketogenic diet resembles that occurring 
during a remission of coeliac disease. It is possible, therefore, that the low 
fasting blood-sugar in coeliac disease is merely an expression of relative 
carbohydrate starvation. 

The similarity of the blood non-protein nitrogen curves after urea in con- 
ditions of hepatic inefficiency and in coeliac disease and the very rapid excretion 
of urea would appear, however, to lend some support to the view that hepatic 
impairment may play a part in coeliac disease. The conditions determining 
the change in the blood non-protein nitrogen curve and the accelerated 
excretion of urea are at present under investigation, and it would be unwise 
meanwhile to stress the importance of this evidence. 

It is difficult to visualize how any hepatic disturbance could directly give 
rise to the abnormalities in sugar metabolism. If there is increased avidity 
of the liver for glycogen, one would expect a condition resembling glycogenic 
hepatomegaly (Gierke’s disease): on the other hand, if the liver is unable to 
convert glucose into glycogen, one would expect an abnormally rapid and 
large rise in the blood-sugar curve. There is no evidence, however, that a 
condition resembling either of these states is present. That there is an 
alteration in the regulation of intermediate carbohydrate metabolism we 
hope to demonstrate in the following section. 


Summary 


The height of the blood-sugar curve after ingestion of glucose increases 
with age: the adult type is seldom found before four years of age. 

During the acute stage of coeliac disease the blood-sugar curve is very 
flat: during a convalescent period the curve approaches the normal in height, 
but is frequently of the lag type. 

Flat blood-sugar curves are not pathognomonic for coeliac disease since they 
are obtained in hypothyroidism and in marasmus. 

Only during a convalescent period is the height of the curve raised by an 
increase in the amount of glucose ingested. 

The laevulose curve is abnormally high during convalescent periods. 

Ingestion of banana gives a higher curve than does glucose. 

Simultaneous administration of fat with glucose flattens the blood-sugar 
curve in healthy children. 

The blood non-protein nitrogen curve after urea ingestion is prolonged in 
coeliac disease. A similar result is obtained in health when fat is given 
with the urea. The excretion of urea by patients with coeliac disease is at 
least as rapid as in health. 

The significance of these results is discussed, and it is concluded that fer- 
mentation of carbohydrate is an important factor in the production of the 
flat curve after glucose. In favour of this view are the results obtained 
with banana and urea, neither of which is readily fermented. 








242 QUARTERLY JOURNAL OF MEDICINE 


Il. Tue Errect or INSuLIn AND oF AcTIvE Pituitary Extract 


The evidence adduced during the past few years, especially by Liicke (18) 
and his colleagues as to the importance of an anterior pituitary hormone in 
the regulation of sugar metabolism, stimulated us to investigate the possible 
connexion between the anterior pituitary and coeliac disease. 

Evans (5) in 1933 gave evidence for the existence of seven hormones of 
the anterior pituitary, viz. growth, sex (gonadotropic), thyrotropic, lacto- 
genic, diabetogenic, adrenalotropic, and one regulating fat metabolism. An 
extensive series of researches by Liicke and his co-workers (18) has thrown 
considerable light on the relationship of the diabetogenic, or contra-insular 
hormone to carbohydrate metabolism and growth. Removal of the anterior 
lobe in dogs lowered the blood-sugar by 20-40 mg. per cent. and intensified 
the hypoglycaemia induced by insulin. Injection of praphyson, a prepara- 
tion devoid of gonadotropic hormone, into hypophysectomized animals and 
into healthy animals and human subjects raised the blood-sugar and reduced 
the hypoglycaemic effect of insulin. Further work showed that the contra- 
insular hormone was identical with the pituitary substance of Houssay and 
Biasotti (14) which caused an aggravation of diabetes in depancreatized 
dogs. It was shown to differ from the thyrotropic and all the other anterior 
pituitary hormones except the one influencing growth, with which it always 
seemed to be associated. Liicke, as a result of his experimental work, con- 
cluded that the contra-insular hormone found its way into the cerebrospinal 
fluid, acted on the sugar centre and thence through the sympathetic and 
adrenals on the blood-sugar. 

The antagonism of the anterior pituitary lobe and the pancreas has been 
recognized for some time. Cushing and Davidoff (4) and Ulrich (38) were 
aware that insulin was less effective in the glycosuria of acromegaly than in 
pancreatic diabetes. Houssay and Magenta (13) found in dogs that after 
hypophysectomy hypoglycaemia was more readily induced. Our first objec- 
tive was therefore to determine whether patients with coeliac disease were 
more susceptible than usual to insulin. 


Effect of Insulin in Coeliac Disease 


The effect of subcutaneous injection of insulin was determined on seven 
patients with coeliac disease and on five children of similar age convalescent 
from other acute diseases. In the morning after a night’s fast a specimen of 
capillary blood was withdrawn and four units of insulin injected hypodermic- 
ally. Further specimens of blood were withdrawn, 10, 30, 60, 90, and 120 
minutes after the injection. The blood-sugar was estimated in all the 
specimens (Table X). 

In the non-coeliac group the lowest level of blood-sugar recorded was 
51-7 mg. per cent.: in no case were hypoglycaemic signs observed. The 
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lowest value was obtained within 60 minutes of the administration of the 
insulin. At 90 and 120 minutes there was generally a slight tendency to 
revert to the original fasting level. These results are in accordance with 
those reported by Gilchrist (8). 





TABLE X 
Effect of Insulin on Blood-sugar in Coeliac and Non-coeliac Children 
A. Coeliac. 
E Blood-sugar mg. per cent. Per cent. 
Case. a S34 ; decrease 
o 8 .= Fasting. 10min. 30min. Lhr. Il}hrs. 2 hrs. of blood- 
a §5 sugar. 
G. B. a 4 66-7 52-2 58:3 53-5 48-4 59-0 27 
E. G. 3 4 60-0 40-8 41-6 33-3 32-3 29:8 50 
W. McK. 24 + 62°5 37-0 36-4 36-1 34:9 35:7 44. 
D. McL. 3} 4 56-1 42-3 39-4 37-0 27-5 34:8 50 
4 59-3 44-6 25-0 25-0 26:3 32:2 57 
M. O’B. 264 63-8 45-5 37:0 39-2 = 33-3 33°3 48 
| eS 23 3 38-5 21-7 20-8 19-4 14-0 14:3 63 
3 38-4 15-1 17-8 16-1 16-1 20-0 60 
J. W. 2304 60-6 52-6 37:0 40:0 44-4 47-6 37 
Mean : 56-2 39-1 34:8 33:3 30:8 34:1 45-2 
B. Non-coeliac. 
21 4 + 80-0 76-0 74:3 73-3 74:0 746 8 
22 4 4 85-1 80-0 71-4 70-0 74:0 — 17 
23 43 + 76-9 54-7 57-7 67-2 60-2 69-7 28 
24 3 4 83-3 80-0 56-8 69-7 67-2 65-2 31 
25 3 4 81-6 75-1 62°5 52°6 58-8 58-1 35 
Mean : 81-4 73-2 64:5 66-6 66:8 66-9 20:9 


In the group of subjects with coeliac disease very low values for the blood- 
sugar were recorded. In one patient the level of 14-0 mg. per cent. was reached : 
a repetition of the test four days later gave an almost similar reading of 
15-1 mg. per cent. Figures as low as these are occasionally reported in the 
literature: thus Meulengracht (23) recorded a value of 10 mg. per cent. in a 
patient with hepatitis without any hypoglycaemic symptoms. The average 
percentage drop in blood-sugar was 45-2 mg. per cent. in the coeliac group, 
compared with 20-9 mg. per cent. in the non-coeliac. In all cases the initial fall 
within the first ten minutes was more marked than in the non-coeliac group. 
There was little tendency to revert to the original fasting level even after two 
hours. In all patients except one (G.B., who presented the least change in 
blood-sugar) mild hypoglycaemic symptoms occurred within 10 to 60 minutes 
of the injection of the insulin. The intensity of the hypoglycaemic mani- 
festations was no more severe in the patients with the very low levels of 
blood-sugar than in those with less marked hypoglycaemia. 

It would appear therefore that patients with coeliac disease are more 
sensitive to insulin than healthy children. 
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The Effect of Anterior Pituitary Extract on the Blood-sugar in Coeliac Disease 

The increased sensitivity to insulin suggested that there might be a lack 
of balance in the intermediate carbohydrate metabolism dependent on a 
deficiency of anterior pituitary secretion. It was therefore decided to 
determine the effect of anterior pituitary extract on the blood-sugar level. 
For this and subsequent investigations Armour’s anterior lobe extract 
(A.A.E.) was employed. 
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The patient G.B. was given a hypodermic injection of 1 ml. of A.A.E. on 
each of two nights prior to the withdrawal of a morning (fasting) specimen 
of blood: this specimen yielded a blood-sugar value of 83-7 mg. per cent. 
The previous highest fasting blood-sugar value obtained in this patient was 
66-7 mg. per cent. Injection of a further 1 ml. of A.A.E. immediately 
afterwards was followed by little or no change in the blood-sugar level 10, 
30, 60, 90, or 120 minutes later. These results pointed to a remote rather 
than an immediate or direct effect. It was therefore decided to give A.A.E. 
on two nights before an ordinary blood-sugar curve was determined. In 
contrast to the flattened curve previously obtained in this patient a normal 
result was now obtained with a normal fasting level. This could not be 
attributed to any alteration in intestinal absorption since diarrhoea had 
persisted during the previous four days. 

The same technique was carried out in five other patients with coeliac 
disease (Table XI). In each there was some increase in the height of the 
blood-sugar curve after A.A.E., but the difference was less striking when 
the diarrhoea was not severe. Only one patient (P.S.) showed no rise in the 
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fasting blood-sugar level: in her case, however, the fasting level did rise 
after twenty-one daily injections of A.A.E. 

Three patients were given daily injections of A.A.E. over a period of two 
to four weeks. In two cases the maximum blood-sugar level after the 
ingestion of glucose was definitely hypernormal. In the third (P.S.) the rise 
of blood-sugar was considerably increased (Table X1). 

B. NON-COELIAC 
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-— No previous administration of anterior 
pituitary extract 


----~ Administration of IML. anterior pituitary 
extract daily for 2days prior to blood-sugar 
curve 


—-—- Administration of 1ML. anterior pituitary 
extract daily for 2-4 weeks prior to blood- 
Sugar curve 


Fig. 4. Showing the effect of administration of anterior pituitary extract on the 

blood-sugar curves (composite) of coeliac and non-coeliac patients. 

Two non-coeliac children convalescent from pneumonia and nephritis 
respectively were given injections of A.A.E. on each of two nights prior to 
the determination of a blood-sugar curve (Table XI). The only difference 
from normal was a slightly accelerated rise and a more rapid return to the 
fasting level: a significant increase in the height of the curve was not 
apparent (Fig. 4). 
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The results of these investigations justify the conclusion that in coeliac 
disease administration of anterior pituitary extract increases the response of 
the blood-sugar to ingestion of glucose. This, in combination with the fact 
that coeliac patients are specially sensitive to the action of insulin, would 
suggest that in this condition there is a deficiency of contra-insular hormone. 


TABLE XI 


Effect of Previous Administration of Anterior Pituitary Extract on Blood-sugar 
Curve after Glucose 





A. Coeliac. 
Duration 
Age of anter. Blood-sugar mg. per cent. Rise in 
Case. in pituit.ad- =r ~ m.g. per 
years. ministra- Fast- j hr 2 he l}hrs. 2 hrs cent. 
tion. ing. 4 ; ° Fj 
G. B. 4°, 0 66-7 111-1 83-3 80-6 67-9 44-4 
2 days 86-0 121-9 140°8 70:1 6-4 54:8 
B. G. 355 0 60-0 62-5 79-7 104-8 88-9 44-8 
2 days 70-1 111-1 100-5 85-1 69-1 41-0 
W. McK. 255 0 58-0 66-7 64-1 63-0 60-0 8-7 
2 days 71-4 87-7 93-9 100-0 71-4 28-6 
2 weeks 78-4 111-9 142-8 83-3 50-9 64-4 
D. McL. 3x5 0 56-6 71-4 76-9 60-2 61-2 20-3 
2 days 74-0 133-3 102°5 64:5 76-9 59-3 
3 weeks 69-0 108-7 125-0 89-7 74:0 56-0 
4 ,, 74:1 166-7 90-9 93-9 70-1 92-6 
POS. 25 0 50-9 60-0 65-2 54:5 43-5 15-2 
2 days 50-1 68-5 85-7 100-8 85-7 50-8 
3 weeks 70-1 85-1 90-9 109-9 66-7 41-0 
M. O’B. 25% 0 62-5 88-2 79-7 100-4 62-5 37-9 


2 days 76-9 100-0 125-0 117-1 80:8 48-1 


B. Non-coeliac. 


27 4 0 76:9 139-8 151-5 116-9 68-9 74-6 
2 days 78-1 145-9 142-8 72:7 66-7 67-8 
28 41 0 80-0 91-3 138-8 126-6 83-3 58-8 
2 days 80:3 136-0 133-3 80-9 62°5 56-0 


The Effect of Anterior Pituitary Extract on the Blood Non-protein Nitrogen 
Curve in Coeliac Disease 


Since the administration of anterior pituitary extract seems to produce a 
blood-sugar curve approximating to normal it was thought worth while to 
determine whether the blood non-protein nitrogen curve after urea was also 
modified, for, as shown in the previous section, there are in coeliac disease 
certain abnormalities in this curve. Two patients were given subcutaneous 
injections of A.A.E. (1 ml.) on each of three nights prior to carrying out the 
test. The results (Table XII) show that while there was a slight reduction 
of the blood non-protein nitrogen at two and three hours the curves could 
not be classified as normal. We cannot, therefore, claim that we have been 
able to demonstrate any significant effect of anterior pituitary extract on the 
course of the blood non-protein nitrogen after the ingestion of urea. 
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The Effect of Anterior Pituitary Extract on Fat Retention and the General 
Condition of the Patient 


The results of anterior pituitary administration on carbohydrate meta- 
bolism encouraged us to determine its effect on the defective retention of 
fat which all are agreed is the principal abnormality. Unfortunately a six- 
day period is required to determine fat retention accurately, and it is well 
known that in patients with coeliac disease sudden changes both for better 
and worse occur in the nature of the stools, and consequently in the fat 


TaBLE XII 


Effect of Previous Administration of Anterior Pituitary Extract on the Blood 
Non-protein Nitrogen Curve after Urea in Coeliac Patients 





Duration of Blood non-protein nitrogen mg. per cent. 
Case. anter. pituit. r \ 
administration. Fasting. 4 hr. 1 hr. 2 hrs. 3 hrs. 
M. O’B. 0 38-4 62-5 96-1 90-9 83-3 
3 days 30-8 50-0 54:3 67-5 64:1 
W.McK. 0 34:7 55-5 66-6 73-5 78-1 
3 days 54:3 55-5 71-4 67-5 64-1 


retention. It, therefore, is very difficult to determine whether any improve- 
ment observed during a certain form of therapy is due to the therapy itself 
or merely to a ‘natural’ remission of the disease. Great care was taken to 
eliminate any case in which there arose any suspicion of a natural remission. 
After many abortive attempts we were ultimately left with three cases 
which we think can with some degree of assurance be said to have been 
influenced only by the anterior pituitary and not by any spontaneous 
alteration in the severity of the disease. In this connexion we had the 
advantage of the closest co-operation of Dr. Stanley Graham, in whose wards 
the investigations were carried out. 

The intake, output, and retention of fat were determined in three patients 
over periods of six days before the commencement and on the third week of 
anterior pituitary administration (1 ml. A.A.E. subcutaneously each day). 
The diet was kept constant throughout the whole period. The results are 
given in Table XIII. 

In all three cases there was an improved retention of fat after the 
administration of anterior pituitary extract. In two cases the weight of the 
dried faeces was greatly reduced, but in the third practically no change was 
observed. In each case there was a reduction in the percentage of total fat 
in the dried faeces, due almost entirely to the great increase in the percent- 
age of combined fatty acids. 

Apart from the reduction in the fat output little change was observed. 
We were disappointed by the complete lack of increase in height, even after 
two months’ treatment with the extract. In two cases weight was increased, 
one by 25 lb. in three weeks, the other by 4 lb. in six weeks. 
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Although we feel diffident about venturing on the quicksands of endo- 
crinology, from our experiments we feel justified in suggesting that the low 
blood-sugar curve in coeliac disease is dependent in part on lack of the 
contra-insular hormone of the anterior pituitary. The patient with coeliac 
disease’ is unduly sensitive to insulin, while administration of anterior 
pituitary extract tends to produce a return to normal conditions. The exact 
mode of its action is not known, but if the conclusions deduced in the previous 
paper are correct it must in all probability be by alteration of the secretions 


TaBLE XIII 
Effect of Administration of Anterior Pituitary Extract on the Absorption of Fat 


Dried faeces. 





Fat Fat ab- 


Age “s » i Fat : 
Case in _ > = output In- sorption 
years 2 * & S24 4 x take per 
: gicm = — 2a grm.* cent. 
of g 3 ion oO mn nN 
cE 5 3. 23 &S 
SH fH Ast HS O8 
P.S. 219 11-62 35-41 5-47 16°75 13-19 4-200 27-44 84-7 
8-22 24:16 3-82 16-62 4-54 1-987 29-82 93-3 
W. McK. 3535 45:50 56-38 5-16 40-73 10-49 25-643 70-45 63-6 


40-49 4-71 29-40 638 11-593 70-04 83-4 
18-30 27:31 349 7-71 16-11 5-008 25-90 80-7 
18-60 17-50 4:10 967 3-73 3-250 25-40 87-2 
B. Before administration of anterior pituitary extract. 


A. After and during administration of anterior pituitary extract. 
* Figures represent daily average of six-day periods. 


H. B. 48, 
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poured into the duodenum causing a change in the physico-chemical consti- 
tution of the intestinal contents. The increased retention of fat which has 
been observed in three cases would yield support to this view. Unfortunately 
we have no evidence to show that in coeliac disease anterior pituitary 
extract has any influence on growth, and none to indicate that it is a thera- 
peutic agent at all comparable to insulin in diabetes. It is just possible that, 
as Still (31) said long ago, there is merely a secondary (toxic) involvement of 
the endocrine system. Whatever the importance of the role, we feel that in 
coeliac disease the anterior pituitary plays a part in the production of the 
abnormalities in carbohydrate metabolism, and possibly also in the distur- 
bances of fat absorption. 

Thaysen (35) in a recent paper which reached us after our manuscript 
was completed reiterates his belief that the flat blood-sugar curve is due, 
not to deficient absorption, but in all probability to derangement in the 
regulation of the blood-sugar. If there is such a disturbance it must result 
in either increased deposition of glycogen, increased formation of fat, or 
oxidation of glucose at a rate more rapid than normal. Most workers would 
agree that there is no evidence of increase in glycogen storage or deposition 
of fat. The data on the R.Q. following ingestion of glucose presented by 
Thaysen (35) we would submit, do no more than indicate that at the time of 
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the experiments the absorbed carbohydrate was being oxidized normally, a 
process which admittedly occurs in coeliac disease. The observed increase 
in basal metabolic rate would appear to suggest the occurrence of oxidative 
processes at a higher level than usual. This increase in metabolic rate 
might, however, be due to the relatively high proportion of active metabolic 
tissue in the emaciated patients with coeliac disease. Thaysen remarks that 
during the good periods of the disease the basal metabolic rate was lower 
than during the active stage of the disease. It would be interesting to know 
whether the reduction of the basal metabolic rate took place at the com- 
mencement of the remission or only after the body-weight had increased. 
A strong point against there being a disturbance in the regulation of the 
blood-sugar is that the blood-sugar curve approximates the normal type 
when banana is the source of the carbohydrate. All things considered we 
incline to the view that the immediate cause of the flat blood-sugar curve in 
coeliac disease is some abnormality in the physico-chemical changes in the 
intestinal contents, although we freely admit that our results with anterior 
pituitary extract taken by themselves support the suggestion of Thaysen 
and Norgaard (36) that the abnormality in carbohydrate metabolism is due 
to some endocrine imbalance. 


Summary 


Children with coeliac disease are more sensitive to the effect of insulin 
than are non-coeliac patients, as shown by the greater percentage reduction 
of blood-sugar in the former after injection of insulin. 

Injection of anterior pituitary extract into patients with coeliac disease 
raised the level of the fasting blood-sugar, rendered the blood-sugar more 
normal in height, and caused a slight improvement in the percentage 
absorption of fat, but did not appear to have any effect on growth. 


Our thanks are due to Professor G. B. Fleming and Dr. Stanley Graham, 
Physicians to the Royal Hospital for Sick Children, Glasgow, for their very 
helpful criticism throughout the course of this work. We are indebted for 
grants to the Medical Research Council and to the Muirhead Trustees. 
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STUDIES IN PNEUMONIA WITH SPECIAL REFERENCE 
TO AGGLUTININS* 


By G. J. LANGLEY, W. MACKAY, anv L. STENT 
(From Hope Hospital, Salford) 


Stnce the first recognition of agglutinins to the pneumococcus by the 
Klemperers in 1891 (1), the phenomenon has been further recorded by many 
other observers. Working from 1990 to 1909, when only one type of the 
pneumococcus was recognized, Neufeld and Handel (2) showed that there 
was a definite mouse protection to the homologous pneumococcus to be 
found in the serum of convalescent patients from the Ist to the 9th day 
after crisis in pneumonia. 

In 1917 Clough (3) showed in a small series of cases of pneumonia at the 
Johns Hopkins Hospital that agglutinins could be demonstrated in the 
blood-serum of some cases; while in the same year Cole (4) recorded his 
experiences in an attempt to control serum treatment by agglutinin per- 
sistence. He expressed the opinion that specific polysaccharide is the fixing 
agent to antibody, and that its quantity depends more upon the day of 
disease than upon any other factor. 

In approaching a further study of the problem it would seem important 
to investigate the following points: (1) how far can agglutinative power and 
- protective power of any serum be shown torun parallel? (2) can agglutinins 
be shown to be constantly present to the homologous antigen in cases of 
pneumonia which recover? (3) are agglutinins constantly absent in those 
cases which succumb to the infection, or can some other sufficient cause of 
death be found in those who die with agglutinins present in their serum ? 
(4) where a divalent serum is administered, can it be shown that the homo- 
logous antibody is fixed while the heterologous antibody remains free ? 
(5) under conditions of passive immunity established by serum treatment, 
can it be shown that the establishment of a recognizable agglutinin in the 
patient’s serum is followed by recovery ? (6) and alternatively—that in spite 
of large and repeated doses of therapeutic serum, agglutinins will remain 
absent in the blood of those patients who die? 

The relation of protective antibody to agglutinin titre is still an open 
question. 

In 1928 Sutcliffe (5) showed that when agglutinins were present in the 


1 Received February 24, 1936. 
[Q.J.M. New Series No. 18.] 
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patient’s serum, protective antibody was always present, whereas when 
agglutinins were absent protective antibody might or might not be present. 
This was also shown by Cooper (6). 

On the other hand, in 1929 Lord and Nesche (7), after a study of some 
fifty cases of pneumonia, concluded that there was no relation between 
agglutinative power and mouse protective power in the patient’s serum. 

Bullowa (8) in the same year, using Sabin’s (9) method of investigation, 
declared that some parallelism did in fact exist between the presence of 
agglutinins and mouse protection. 

In 1932 Wilson Smith (10) showed that under experimental conditions 
there is a close relation between precipitin power and mouse protection 
power, when unconcentrated sera were used. He found, however, that the 
results were much less harmonious when the concentrated globulin fraction 
was used. This factor may also apply in regard to the correlation of 
agglutinin titre and protective antibody. 

It was not possible under the conditions of the present work to estimate 
the protective antibody produced in the serum of patients recovering from 
pneumonia. The first part of this investigation deals with the examination 
of patient’s serum for the presence of agglutinins during the course of 
pneumonia not treated with antipneumococcal serum, and the second part 
is concerned with the detection of agglutinins in patient’s serum following 
the intravenous injection of antipneumococcal serum, the same methods 
being used throughout. 


Method Used to Detect Agglutinins 


Recently isolated Types 1 and 2 pneumococci, which gave marked slide 
agglutination with specific type sera, were grown on blood-agar slopes and 
sub-cultured every second day. The serum was obtained by collecting 
eight to ten drops of blood from the patient’s ear into a piece of capillary 
glass tubing which had a small bulbous enlargement in the centre. The 
blood was incubated at 37°C. for half an hour to accelerate clotting. 

A drop of the serum so obtained was then mixed with a small loopful of 
Type 1 pneumococci on a glass slide; a mixture of normal serum and 
pneumococci was used as a control. Cover-slips were applied and the 
emulsions examined microscopically, using a one-sixth lens. Similar emul- 
sions were made with the patient’s serum and Type 2 pneumococci. 

The results were classified into three types of reaction, good, moderate, 
and weak. In the first, agglutination was immediate, large clumps of 
organisms were seen which appeared to be superimposed on each other, and 
the areas surrounding these clumps were clear. In the second, agglutination 
was immediate, but the clumps were smaller and did not appear to be piled 
up on each other. In the third, agglutination was not seen for ten to twenty 
minutes, only a few organisms being adherent to each other when the 
emulsion was first examined, the surrounding areas containing diplococci. 
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All the results in the following tests were read after the mixture of 
organisms and serum had been in contact for twenty minutes at room 
temperature. 


The Presence of Agglutinins to Homologous Antigen in the course 
of Pneumonia 


This problem was investigated by Clough (3) in 1917 in a small group of 
cases and yielded a doubtful result. A larger series was recorded by 
Cole (4) in the same year, who concluded that the appearance of agglutinins 
was associated with clinical recovery. Sabin (9) in 1930 arrived at much 
the same conclusion, but the work was done on serum-treated cases only. 

This part of the present study was undertaken at a time when serum 
treatment was not available. The method adopted was to record daily the 
presence or absence of agglutinins in an unselected series of cases of lobar 
pneumonia between the ages of 16 and 60. Agglutination was not tested 
for longer than two or three days after the crisis, but further experience 
showed that it may not be found in some cases until after this period. 

For the purpose of the following analysis, crisis was recognized as the first 
day towards the end of the disease on which the temperature did not rise 
above 99° F. 


Type 1 pneumonia. No serum given. 


Cases recorded . ; ‘ ‘ 62 
», recovered . : : ; 44 
Of recovered cases agglutinins were found : 
Before crisis ‘ ; , : 16 
At crisis ‘ ‘ ‘ , ; 7 | 37 out of 44 recovered. 
After crisis . : : : , 14 
Absent , ; . P ‘ 7 
Type 2 pneumonia. No serum given. 
Cases recorded . ; . : 30 
5, Yecovered . , : ‘ 22 
Of recovered cases agglutinins were found : 
Before crisis ‘ ‘ ‘ , 12 
At crisis ‘ ‘ ‘ ; ‘ 3 | 18 out of 22 recovered. 
After crisis . ; . ‘ ; 3 
Absent ‘ P ‘ ; ‘ 4 


No studies were made in Type 3 pneumonia because it has been found to 
be a rare infection, constituting only 1 per cent. of this series. It is sub- 
mitted from these figures that active agglutinins can be recognized readily 
in the majority of cases of lobar pneumonia which recover from Type 1 or 
Type 2 infection, and further that of such cases more than half will show 
recognizable agglutinins at or before crisis. 

Relation of positive agglutinin reaction to crisis. If an average be taken of 
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the day upon which a positive agglutinin reaction is first obtained, and also 
the day upon which crisis occurs, the following figures were obtained in : 

Type 1, 33 cases: agglutinin positive 7-7 day: crisis 8-0 day. 

Type 2,17 cases: agglutinin positive 7-6 day: crisis 8-5 day. 

In all of these cases agglutinins had been found to be absent for three or 
more days prior to the positive result. 


The Absence of Agglutinins in Fatal Cases of Pneumonia 


In studying the phenomenon of agglutination in cases of pneumonia not 
treated with serum, it was found that no such reaction could be obtained in 
the majority of fatal cases, and that in the few in which agglutinins did 
occur, other reasons for the fatal issue could be readily recognized by ordinary 
clinical observations. 

The following results were obtained : 


Type 1. Cases studied ‘ ; 62 
Deaths , P : 18 of which 15 had yielded a positive 
blood culture. 
Agglutinins absent . 14 
Agglutinins present . 4 
Type 2. Cases studied ; ‘ 30 
Deaths ; ; ‘ 8 of which 7 had yielded a positive 
blood culture. 
Agglutinins absent . 7 
Agglutinins present . 1 


Although these figures are small, yet it will be seen that the majority of 
fatal cases do fail to show the presence of agglutinins. 

The average day of death in our series was the tenth, and the percentage 
of recovered cases which showed a positive agglutinin reaction on that day 
of the disease was 70. 

The following particulars of the fatal cases which showed the presence of 
agglutinins are given to demonstrate that there is only one case in this 
series which yielded an unexpected result : 

Male, aged 50. Type 1 pneumonia. Red hepatization of both lower 
lobes. No other changes found. Death 9th day. 

Male, aged 30. Type 1 pneumonia. Aortic atheroma and a positive 
Wassermann reaction. Death 12th day. 

Male, aged 56. Type 1 pneumonia. Marked aortic incompetence. 
Death 7th day. 


Male, aged 27. Type 1 pneumonia. Multiple abscess formation throughout 
the right lung, a large parotid abscess, both due to a haemolytic staphylo- 
coccus. Death 12th day. 


Male, aged 46. Type 2 pneumonia. Bad general condition, marked 
kyphotic deformity of chest. P.M. refused. Death 12th day. 
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Agglutinins after the Administration of Divalent Serum 


It was shown by Cole (4) in 1917 that after administration of antiserum 
in suitable doses, agglutinins disappeared rapidly in infected rabbits, whereas 
they persisted very much longer in control animals. 

This was carried a step further by Sabin (9) in 1930, who showed that 
when a small dose of combined Types 1 and 2 serum (10,000 units of each 
serum) was given intravenously to patients with pneumonia the homologous 
agglutinin disappeared, while the heterologous agglutinin remained. 

Before attempting to repeat this work it was necessary to know the 
agglutinin titre of each concentrated serum. A preliminary quantitative 
titration gave titres of 1/2560 for both Type 1 and Type 2 serum, the dilu- 
tion being made with human serum. On using the microscopic agglutination 
test described above the titres were 1/5120. It follows that if 5 c.c. of 
serum, i.e. 10,000 units, be given intravenously to a patient of average 
weight, 70 kg., it should be possible to demonstrate agglutinins in the 
blood-serum afterwards, since the actual dilution by the patient’s own 
blood is probably of the order of 1/1000. This would give a dilution of 
1/2000 when the serum is mixed with the bacterial suspension, and according 
to the findings quoted above agglutination should be readily recognized. 

A few preliminary experiments showed that agglutinins could be easily 
demonstrated when 20,000 units were used. It is, however, obvious that 
the dose of homologous serum in any given case might theoretically be large 
enough to combine with available antigen, and yet leave enough over to give 
a well-marked agglutinin reaction. This is the more likely to occur, the 
larger the initial dose of serum becomes. It is necessary, therefore, to keep 
the number of units administered as low as possible consistent with the 
ready recognition of agglutinins. 

Consideration of the results obtained so far in this work tends provisionally 
to the conclusion that for test purposes 20,000 units of each type of serum 
is a suitable dose, and in addition it has a definite therapeutic effect. 

The procedure of administering a small dose of divalent serum intra- 
venously and estimating the antibody fixation at a short interval afterwards, 
has proved on a few occasions of great clinical help, since it affords an 
additional method of case typing. It may be of value in those cases where 
no sputum is available and where a blood culture has proved negative. 
Whether a larger initial combined dose would afford more reliable results in 
such cases has yet to be considered. 

In the present study intravenous injection of 20,000 units each of 
Type 1 and Type 2 serum was made 53 times where the type of infection 
was subsequently determined by sputum typing. The diminution or dis- 
appearance of the homologous agglutinin as compared with the heterologous 
agglutinin was obtained 35 times as under: 
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Type 1 pneumonia. 28 cases. 
Blood culture negative—20 cases. 12 gave diminution of Type 1 
agglutinin. 
" ” positive—8 6 gave diminution of Type 1 
agglutinin. 
In the remaining cases there was a good reaction with both homologous 
and heterologous agglutinins. 


Type 2 pneumonia. 16 cases. 
Blood culture negative—12 cases. 9 gave diminution of Type 2 
agglutinin. 
” " positive—4 - 3 gave diminution of Type 2 
agglutinin. 
In the remaining cases a diminution of Type 1 and Type 2 agglutinins 
occurred. 
Group 4 pneumonia. 9 cases. 
Blood culture negative—9 cases. 5 gave no diminution with either 
Type 1 or Type 2 agglutinin. 
In three of the remaining cases a diminution of Type 2 agglutinins was 
observed, and in one case there was a diminution of both agglutinins. 


In 18 out of 53 tests irregular agglutinin reactions were observed. At 
present no explanation can be given for these discrepancies. 


It should be understood that in all cases here recorded, typing tests 
were carried out by four other methods, and the results have been carefully 
compared. 

The methods used were (1) direct sputum typing, (2) injection of emulsified 
sputum into the peritoneal cavity of the white mouse, (3) frequent blood 
culture, and (4) agglutinin reaction during the week following crisis and 
recovery. 

For routine work the direct sputum test by the method described by 
Armstrong (12) has proved accurate in 80 per cent. of the cases, although 
the peritoneal mouse-method will probably remain the final court of appeal. 
In asmall number of cases the late post-critical agglutinin reaction indicated 
a Type 1 or Type 2 infection, where other methods indicated Group 4, and 
it is held that the presence of active agglutinin should determine the final 
typing. 

It was repeatedly found in the course of this work that an intravenous 
dose of 20,000 units of either Type 1 or Type 2 serum yielded a positive 
agglutinin reaction for several days in patients not suffering from the type 
of infection. 

These findings are entirely opposed to those recently published by Davies, 
Hodgson, and Whitby (11), but it should be observed that the work is not 
strictly comparable, in that the serum used by them was Felton’s combined 
Types 1 and 2; whereas that used throughout the present inquiry was 
Lister concentrated Type 1 and Burroughs Wellcome concentrated Type 2. 
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Serum Treatment 

The control of dosage of antipneumococcus serum by means of the micro- 
scopic agglutination test was used by Sabin in 1930 (9). In this investigation 
the method used differed from that of Sabin, in that fresh emulsions of 
pneumococci grown on solid media were used, and the mixture of organisms 
and serum was not dried and stained, but examined as a wet preparation. 

In the routine treatment of patients fresh sputum was first obtained for 
typing. If direct typing was successful an initial dose of 20,000 or 40,000 
units of the corresponding serum was given, depending upon the apparent 
severity of the illness or length of time the disease had existed within three 
days, beyond which serum treatment was not used. Previous to the 
administration of therapeutic serum, the patient’s serum was examined for 
agglutinins, but in all cases with negative result. On the following day the 
patient’s serum was examined for the presence of agglutinin. If the amount 
present was sufficient to give a marked reaction, no further serum was 
given, but fresh samples of the patient’s serum were examined daily until 
crisis had occurred. These repeated examinations were made in order to 
see whether agglutinins remained in the serum. If they did not persist 
a further dose of serum was given. 

Occasionally the clinical condition of the patient suggested that further 
serum was called for, but it was withheld if the agglutinin reaction 
was good. 

When the amount of agglutinin only gave a moderate or a weak reaction 
further serum was given, and in many of these cases a further dose seemed 
to be indicated also on clinical grounds. When it was not possible to type 
the sputum by direct examination, or when the patient was admitted at 
night, a dose of 20,000 units each of Type 1 and Type 2 serum was given. 
The following day the patient’s serum was examined for the presence of 
agglutinins. If there was a definite difference in the agglutination reactions, 
it was assumed that the infection was due to the organism whose reaction 
was weakest, and further doses of the corresponding serum were given until 
there was a good agglutination reaction. The sputum was typed by mouse 
inoculation to correlate these results. 

This unit dose of serum—(20,000 units each of Types 1 and 2)—was chosen, 
as previously indicated, because it had been found (1) that it could be easily 
detected in the patient’s serum, and therefore a diminution of the homo- 
logous agglutinin would signify that further serum was required, and (2) 
that a number of cases required this initial dose only, and therefore expense 
could be reduced to a minimum. 

A few cases occurred which had no sputum, and they were treated in the 
same way as those in whom sputum typing was delayed. As this kind of 
case was rare, the agglutinin test for typing purposes was not often used 
alone, but in a few instances it was of definite value. 


The following results of agglutinin estimation in serum treated cases are 
recorded. 
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Agglutinins. Type 1 Serum Treated Cases 


Studies of 37 cases are recorded, of which 34 recovered and 3 died. 
For purposes of analysis, crisis is recognized as the first day upon which 
a maximum temperature of 99° F. is recorded. 


Recovered cases. 
Agglutinin found. Before crisis : : ‘ ‘ 30 cases 
At crisis ‘ ‘ ‘ i ‘ 1 case 
ss - After crisis . ; , : i 1 case 
aie om Absent . ' . ' ; ‘ 2 cases 
Blood culture positive in 7 cases. 


9 99 


Fatal cases. 
Agglutinin found ‘ ‘ ‘ ‘ . ; . 1 case 
Absent in . ‘ ‘ . : ; ‘ ‘ . 2 cases 
Blood culture positive in 2 cases. 


Deaths. 

4/24. Female aged 45. Admitted 2nd day. Blood culture positive. 
Death and P.M. on llth day. Right auricle dilated. Red hepatization of 
left lower lobe with shaggy pleural exudate. Whole right lung showed 
resolving pneumonia. Agglutinins present. 

4/68. Female aged 28. Admitted 2nd day. Blood culture positive. 
Eight months pregnant with a central placenta praevia which was bleeding. 
Comatose 3rd day. Death 4th day. P.M. refused. 

4/120. Male aged 49. Admitted 2nd day. Death 5th day. Blood 
culture negative. P.M. refused. Had been under treatment for pulmonary 
tuberculosis for 7 years, and T.B. were still present with pneumococci in the 
sputum. 


Recovered cases. 
A further study of the 34 recovered cases shows the following: 
(a) Agglutinins persisted after the initial dose of serum in 7 cases. 
(b) Disappearance of agglutinins suggested the necessity of further 
serum therapy in 24 cases. 
(c) Investigation was incomplete in 3 cases. 


Agglutinins. Type 2 Serum Treated Cases 


Studies of 28 cases are recorded, of which 26 recovered and 2 died. 


Recovered cases. 
Agglutinin found. Before crisis , : ; . 24 cases 
At crisis ‘ . ; ; : 2 cases 
pe nm After crisis . ; ; . ‘ nil 
" - Absent . . ; ; : ' - nil. 
Blood culture positive in 4 cases. 


9 99 


Fatal cases. 
A trace of agglutinin was found in one case but was absent in the other. 
Blood culture positive in one case. 
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Deaths. 


4/168. Male aged 56. Admitted 2nd day. History of pneumonia two 
years previously. Consolidation of whole left lung. Very delirious. Sank 
and died unexpectedly on 5th day. P.M. refused. 


3/146. Male aged 18. Admitted 3rd day. Consolidation of both bases 
with slight jaundice. Remained very ill with daily positive blood culture, 
insomnia, and great restlessness. Death 8th day. P.M. refused. 

Recovered cases. 
A further study of the 26 recovered cases shows the following : 


(a) Agglutinins persisted after the initial dose of serum in 9 cases, all 
of which had still a temperature of over 99° F. 


(6) Disappearance of agglutinins suggested the necessity of further 
serum therapy in 16 cases. 


(c) Investigation was incomplete in 1 case. 

Relation of positive agglutinin reaction to crisis. If an average be taken of 
the day upon which a positive agglutinin reaction is first obtained, and also 
the day upon which crisis occurs, the following figures are obtained : 

Type 1, 32 cases: agglutinin positive 4-8 day: crisis 5-6 day. 

Type 2, 25 cases: agglutinin positive 4-6 day: crisis 5-4 day. 

It is recognized that these figures are too small to enable any far-reaching 
conclusions to be drawn, because a considerable proportion of patients do 
not reach hospital until after the third day of the disease. 

The fact that agglutinins were found in the patient’s serum before crisis, 
in the majority of cases, arises from the mode of treatment employed, since 
serum was given till this occurred. It further supports the findings of other 
observers that crisis usually follows within 24 hours of the establishment of 
agglutinins. In some few cases, however, it was much longer delayed. 

As was expected at the outset, further serum had to be given in many 
cases in order to establish permanent agglutinins. 

The total deaths after serum treatment in this series numbered five. In 
only one of these recorded cases can it be said that adequate serum was 
given, and even in this case (3/146) a regrettable omission occurred on the 
3rd day. Even so, failure to establish permanent agglutinin occurred in 
five. This will require much further study. It therefore remains to 
discover what result could be obtained with larger and more frequent doses 
of serum. 

No evidence is presented to show the influence of persistent agglutinins 
upon bacteraemia. It is known, however, that the co-existence of agglu- 
tinins and bacteria in the blood may occur in the presence of pneumococcal 
endocarditis, as has been shown by others and observed once in this series. 

To compare figures already given: 


Positive ae 
Type. Cases. agglutinin. Crisis. 
No serum given 1 33 
17 
32 


Serum treated 1 
a 25 
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If further observation can show that these figures do represent the facts, 
this should form a potent argument in favour of serum treatment. 

From the purely clinical standpoint it has seemed wellnigh impossible in 
most cases to determine whether further serum should be administered from 
day to day in the course of the disease. It is now felt that the presence of 
agglutinin in the patient’s serum forms a reliable guide. 

Failure to establish a positive agglutination reaction by repeated serum 
administration would seem to indicate two probabilities—a positive blood 
culture and a fatal result. 


Conclusions 


1. Agglutinins are recognizable in the blood-serum of patients during the 
course of lobar pneumonia where the infection is due to Type 1 or Type 2 
organisms. Their appearance is closely connected with recovery. 

2. Such agglutinins are absent in the majority of cases which terminate 
fatally. 

3. After the intravenous administration of 20,000 units each of Type I 
and Type 2 concentrated antipneumococcal serum, agglutinins to the hetero- 
logous organism are readily recognizable in the patient’s serum, but may 
disappear in connexion with the homologous infection. This factor may be 
of use in classifying the infection where sputum is unobtainable or the result 
of typing from sputum is delayed. 

4. Serum administration is likely to be successful between the ages of 16 
and 60 if undertaken before the end of the third day, and continued until 
persistent agglutinins are found in the patient’s serum. 

5. In the fatal cases it is usually found that repeated doses of serum fail 
to establish persistent agglutinins. 

6. It is submitted that the test for the presence or absence of agglutinins 
offers a reasonable means of determining the number of doses of serum 
required in any patient. 

7. It is thought that this work might become of more general application 
if confirmed, and if some control depot could supply suitable and guaranteed 
bacterial suspensions for agglutination purposes. 


It is our pleasant duty to thank Dr. Crawford, Pathologist to the City of 
Salford, for much help and advice, and the Residents and Nursing Staff of 
Hope Hospital for ready and cheerful co-operation. 

To Dr. Giles, Medical Superintendent, Dr. Osborne, Medical Officer of 
Health, and the Health Committee we are indebted for making this work 
possible. 

And finally to Dr. Petrie, Lister Institute, we offer our best thanks for 
supplying serum which enabled us to make preliminary tests. 
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WEIL’S DISEASE IN FISH-WORKERS: A CLINICAL, 
CHEMICAL, AND BACTERIOLOGICAL STUDY OF 
FORTY CASES? 


By L. S. P. DAVIDSON anv J. SMITH 


(From the Department of Medicine, Aberdeen University, and the City 
Hospital, Laboratory) 


With Plate 12 


In December, 1934, we reported nineteen cases of Weil’s disease, in 
fifteen of which the clinical diagnosis was confirmed by bacteriological or 
serological tests. Thirteen of the fifteen patients were employed in the 
handling and cleaning of fish. Accordingly it was suggested that workers 
among fish must be included in the occupational groups especially liable to 
Weil’s disease. During the past year twenty-eight more cases, proved to 
be Weil’s disease, have occurred in Aberdeen. The present communication 
deals with forty-one cases which have been infected during the past eighteen 
months, forty of which were fish-workers. Cases from other districts in 
which the bacteriological investigations were carried out in Aberdeen are 
not included in Table I, nor are certain severe and fatal cases of infective 
jaundice which on clinical grounds and from post-mortem findings we are 
satisfied were due to Weil’s disease, but which were not confirmed by 
bacteriological or serological tests, owing to certain technical difficulties 
which were not realized by us prior to 1934. 

In our previous communication we reviewed the history, epidemiology, 
and bacteriology of Weil’s disease, and explained why we preferred the non- 
descriptive title of ‘ Weil’s Disease’ to its synonyms, such as ‘ Spirochaetosis 
Ictero-haemorrhagica’, which laid undue stress on haemorrhages, and particu- 
larly on jaundice, which may be absent in half the cases. 

During the past year there has been evidence of an increasing interest in 
various parts of the world in the recognition of Weil’s disease. In Australia 
further investigations have been made by Morrissey (2, 1934), Drew (3, 
1934), Cotter and Sawers (4, 1934), and Cotter (5, 1935) into the outbreak 
which affected workers on sugar-cane farms in North Queensland. In this 
country further reports have been presented by Alston (6, 1935) and Alston 
and Brown (7, 1934) on the prevalence of the disease in sewer workers in 
particular, and by Swan and McKeon (8, 1935) on its incidence amongst 
coal miners in Northumberland and Durham, while sporadic cases have 
been reported by Watson et al. (9, 1935) in which the source of infection 

1 Received January 8, 1936. 
[Q.J.M. New Series No. 18] 
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was not determined; by Halstead (10, 1935) and Maxwell (11, 1935) in 
sewer workers; by Wolstencroft (12, 1935) in a canal worker, and by Neale 
(13, 1935) in a young man who had bathed in a polluted stream. 

In Germany, Sanders (14, 1935) reports a case in a slaughterer, who 
presumably contracted infection from a pig which showed symptoms of 
leptospiral infection. In Holland, Dhont (15) et al. (1934) have investigated 
further cases in which the disease was due to the dog leptospira DL. canicola, 
while from America a fatal case is reported by Jeghers, Haughton, and 
Foley (16, 1935) in a fish cutter. We would refer the reader to this ex- 
cellent paper for a full review of the occurrence of the disease in the world 
generally, and in America in particular. So far, only some twelve proved 
cases have been described in the literature as contracting the disease in the 
United States of America. 


Clinical Manifestations 


The symptoms and signs of Weil’s disease are sufficiently well recognized 
to render it unnecessary for us to give individual reports on each of the 
forty cases. The frequency with which the various manifestations occur is, 
however, of interest. Accordingly, in our description of the course of the dis- 
ease as it has occurred during 1934-5 in Aberdeen, we have included percent- 
age figures obtained from the hospital case reports. Six of the cases were not 
sufficiently serious to need hospitalization, and in these cases we have relied 
for the information on the history given by the patient, or on data supplied 
by the family practitioner. As pointed out by Jeghers (16) et al., it is cus- 
tomary to divide the disease into three stages, each with its characteristic 
features in regard to the spirochaetes in the blood, the antibodies, and the 
excretion of organisms in the urine, as well as in respect of certain clinical 
signs and symptoms. A knowledge of these features is essential if the 
correct appreciation of the various diagnostic procedures is to be carried out. 

First or febrile stage. The first stage lasts approximately one week, and 
during this time a septicaemia occurs, antibodies are not detectable in the 
serum and spirochaetes are not found in the urine. In our series the onset 
of the disease was sudden (100 per cent.) ; it was ushered in by a combina- 
tion of some or all of the following symptoms: headache (73 per cent.), 
particularly in the occipital region ; muscular pains (97 per cent.), especially 
in the legs and back; nausea and vomiting (95 per cent.). In many cases 
vomiting was the most troublesome symptom present, the patient being 
unable to retain any food or drink for a day or two. Abdominal pain, 
generalized to the abdomen, but more frequently localized to the epi- 
gastrium or right hypochondrium, was frequently present. It was presumed 
that this was mainly referable to the underlying toxic gastritis and hepa- 
titis. Prostration was present in all the severe cases except one, and was 
noted altogether in half of the cases; 40 per cent. of the patients had 
a cough, which was generally not severe and accompanied by few physical 
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signs. Signs of meningeal irritation developed in three cases, one of which 
was shown to be a true meningitis. 

Signs. Fever was present in 97 per cent. of the cases, the maximum 
temperature varying from 99° to 104° F. in different cases. It was absent 
in the two fatal cases during their period of hospitalization. The duration 
of the primary fever was from five to nine days. In 90 per cent. of the 
cases the temperature reached normal on the sixth or seventh day. A 
secondary rise of temperature occurred in 50 per cent. of the cases during 
the third week of the illness. Conjunctivitis (pink eye) was noted in 57 per 
cent. of the cases. Continental writers lay considerable stress on this sign 
as of especial importance in early diagnosis. During the past year we have 
paid particular attention to the sign, and in consequence positive reports 
have been obtained more frequently in 1935 than in 1934. Where icterus 
is marked, pink eyes are apt to be missed unless careful search is made. 
We agree that in some cases conjunctivitis is a very striking feature, but in 
many cases classified as positive in regard to this point, the conjunctivitis 
may be no more marked than is often seen in any catarrhal condition of 
the upper air passages. The throat was sore and congested in just over half 
the cases, but in many the degree of congestion was mild and not a striking 
feature. Herpes labialis was noted in only three cases, in two of which it 
became haemorrhagic. This is a much lower percentage than is usually 
reported, and we suspect that our figures may be at least partly explained 
by a failure of the resident staff to make adequate notes in this respect. 
Icterus was present in 60 per cent. of cases; it developed between the fourth 
and seventh days of the disease in all cases except one in which it was first 
noted on the ninth day. A moderate leucocytosis, ranging from 10,000 to 
20,000, was found. Urine analysis revealed signs of a toxic nephritis early 
in the disease, as evidenced by the presence of albumin, cells, and casts, and 
the blood urea was raised. (See Table I.) 

Second or toxic stage. This stage is characterized by the absence of spiro- 
chaetes and the development of antibodies in the blood, and the excretion 
of organisms in the urine. By the beginning of the second week the tem- 
perature fell to normal by lysis, jaundice deepened, and the icteric index 
ranged between 50 and 77 in severe cases. (See Table I.) If no jaundice 
had developed by this time the patient was considered to be a mild case 
and was already nearly free of symptoms. Schiiffner’s prognostic dictum— 
that where there is no jaundice there is no mortality—is to be remembered. 
Haemorrhages into the skin, either as a purpuric rash or as large ecchymoses, 
were present in only 18 per cent. of our cases. Large cutaneous and sub- 
cutaneous haemorrhages indicate a very severe toxaemia and are bad pro- 
gnostic signs; they were present in the two patients who died. In more 
than half the cases loss of blood from some source was present, i.e. epistaxis, 
haemoptysis, or haematemesis, and occult blood tests in the faeces were 
frequently positive. The amount of blood loss from these sources, however, 
was usually small and insignificant. The urinary features already described 
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attain their maximum deviation from normal during the second week, and 
in severe cases the blood urea ranged from 50 to 397 mg. per cent. In 
the average case with moderate toxicity a steady clinical improvement 
occurred during the second week. In cases doing badly, however, the heart 
became weaker, the blood-pressure fell, jaundice deepened, and signs of 
renal failure occurred, with a steadily mounting retention of nitrogenous 
waste products and a reduction of the urinary output. Case 12 died with 


TABLE I 
A. Percentage incidence of symptoms and physical signs. 


Sudden onset 100 Prostration 53 Icterus 

Initial chill 53 Vomiting 95 Purpura, &c. 
Fever 97 Cough 40 Enlarged liver 
Headache 73 Pharyngitis 58 Palpable spleen 
Muscular pains 97 Conjunctivitis 57 Adenopathy 


B. Blood chemistry and urine analysis. 


Case No. 4 5 
Icteric index 50 =660 
Blood urea 0 152 
Albumin + 
Urine {cus + 
Casts + 


18 
72 
92 
+ 
£. 


8 ll 
35 
43 
+ + 
+ + 
+ + 


21 22 
54 64 
42 

+ + 
+ + 
—- + 


31 32 33 34 37 38 = 339 
4 0 18 30 77 50 60 
26 38:6 32:5 52 80 110 397 
+ + + + + + + 
—- + + + + + + 
—- + + = + + + 


+ = positive — = negative 0 = no examination. 

anuria and Case 39 with a blood urea of 397 mg. per cent. The liver 
was definitely enlarged to palpation in 32 per cent. of cases; the spleen 
was never enlarged; the lymphatic nodes were enlarged in 32 per cent. of 
cases, but this enlargement was confined to the cervical areas. The enlarge- 
ment was never marked, and it is difficult to assess the significance of this 
finding, as some degree of lymphadenitis is so frequently present in indi- 
viduals suffering from no specific disease. It is possible, however, that the 
sore throat and lymphadenitis indicate the portal of entry of the organism, 
but this must remain at present purely a matter of speculation. The 
important point to remember is that lymphatic glandular enlargement, 
other than in the cervical region, was not present. The triad of signs in a 
jaundiced patient, namely, hepatic enlargement with absence of splenic 
enlargement or of generalized adenopathy, is of some diagnostic value. 

Third or convalescent stage. This is characterized by the full development 
of antibodies in the blood and by the excretion of organisms in the urine. 
By the beginning of the third week of the disease the distressing subjective 
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symptoms at the onset had subsided. Jaundice was present in severe cases 
for the full three weeks, while urinary changes had not completely disap- 
peared for six weeks or even longer. In the moderate or severely toxic 
cases convalescence was prolonged, the patient feeling weak and easily tired 
for several weeks after discharge from hospital. A second rise in tempera- 
ture occurred during the third week of the illness in approximately half the 
cases; the maximum temperature varied from 99° to 102° F. and lasted 
from five to fourteen days. The apyrexial period between the primary and 
secondary fever varied from six to fourteen days. The incidence of this 
secondary fever in our series is higher than usually reported (25 to 40 per 
cent. of cases). Unless four-hourly temperature readings are continued 
throughout the three weeks of the illness, the secondary fever will not be 
detected in a proportion of cases. With the rise in temperature there 
occurred in some cases a rise of the blood urea and a definite increase in the 
output of albumin and cells in the urine. The patient may, however, suffer 
from no subjective symptoms. The explanation of this ‘ after-fever’ is not 
settled: Inada believed it to be due to disintegrating toxins during the 
height of serological immunity. We would suggest that it is an allergic 
phenomenon, as judged by the presence of a latent period and the similarity 
to the fever of arthritis and nephritis which occurs two to three weeks after 
haemolytic streptococcal infections of the throat. During convalescence 
loss of hair was not infrequently a distressing feature. 

Meningitis. In three cases severe headache, combined with stiffness of 
the neck and a positive Kernig’s sign, suggested that meningitis was pre- 
sent. In only one of these (E. B., aged 18, Case 30) was the diagnosis con- 
firmed. Lumbar puncture was performed on the eighth day of the disease, 
and 30 c.c. of opalescent fluid were withdrawn under high pressure. Another 
30 c.c. of fluid were withdrawn on the next day. Examination of the cerebro- 
spinal fluid revealed a protein content of 80 mg. per cent., sugar normal, 
cells 238 per cubic millimetre; differential count: 67 per cent. polymorphs, 
33 per cent. lymphocytes. Tubercle bacilli not found, culture sterile. As a 
result of the two lumbar punctures the headache disappeared, there was much 
less rigidity of the neck muscles, and Kernig’s sign became negative. All 
investigations for foci of local infection in structures adjacent to the brain 
were negative. The patient eventually made an unimpaired recovery. Spiro- 
chaetes were not recovered from the cerebrospinal fluid. This failure was 
explained when it was found that the cerebrospinal fluid contained immune 
bodies to the leptospirae, a positive sero reaction at a titre of 1 in 30 being 
demonstrated. 

An interesting type of meningitis occurred in Case 32, six weeks after all 
signs of spirochaetal infection had passed. The patient was discharged from 
the City Hospital on 1.8.35, and was admitted to the wards of the Professor 
of Medicine, Royal Infirmary, Aberdeen, on 9.9.35, suffering from headache 
and great stiffness of the neck. Kernig’s sign was present. The optic disks 
were swollen (2D) and the edges blurred. No haemorrhages or exudates 
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were seen. Lumbar puncture revealed a turbid fluid, under pressure 
(265 mm.). Examination of the cerebrospinal fluid revealed large numbers 
of cells, mostly polymorphonuclear leucocytes. Sugar 0-018 mg. per cent. 
Chlorides 657 mg. per cent. Total protein 50 mg. per cent. No organisms 
could be seen in the stained films or cultivated from the cerebrospinal fluid, 
It was believed that the most likely diagnosis was a mild attack of meningo- 
coccal meningitis. Accordingly, the daily removal of cerebrospinal fluid 
was made and intrathecal injections of antimeningococcal serum were given. 
The temperature remained elevated (100° to 102° F.) for twenty-three days; 
papilloedema gradually subsided, and the patient was discharged from hos- 
pital apparently cured. She was seen by one of the writers two months 
afterwards, when she was in perfect health, and no signs of central nervous 
system disease were present. The cause of this aseptic meningitis was 
never established, nor could any definite conclusions be drawn in regard to 
its connexion with the preceding attack of leptospiral infection. 

Outcome. Only two out of forty cases succumbed, giving a mortality of 
5 per cent. We believe that this figure may be an underestimate of the 
average mortality of the disease over a period of years in this country. It 
will be remembered that four fatal cases, diagnosed from their clinical mani- 
festations and from post-mortem findings, which were reported in our 
previous communication, are not included in this series. The mortality 
rate in this country probably approximates to that usually found on the 
continent of Europe, namely, about 10 per cent., but it is very much lower 
than that found in Japan, where it may be as high as 50 per cent. in cases 
not treated with serum. 

Diagnosis. In our previous paper we dealt in detail with the difficulties 
which beset the diagnosis of Weil’s disease. This is particularly true of the 
early and pre-icteric stage of the disease, and in mild cases in which jaundice 
never develops. The presenting features are not specific for any individual 
infectious disease; many of our cases subsequently proved to be Weil’s 
disease were diagnosed by the family doctors as influenza, streptococcal sore 
throat, or pneumonia. The development of jaundice in a patient who 
‘a week previously had become suddenly and severely ill with fever, head- 
ache, vomiting, and muscular pains should, however, warrant the careful 
consideration of such a diagnosis. In simple catarrhal jaundice, or in epi- 
demic infectious jaundice, which occurs principally in children, the onset is 
neither so abrupt nor so severe. We wish again to draw particular attention 
to the urinary changes which occur in many cases of Weil’s disease. Albu- 
minuria was present in practically every case, and in all patients who were 
moderately or severely ill, evidence of serious kidney damage was indicated 
by the presence of epithelial cells, leucocytes, erythrocytes, and casts (see 
Table I). Such urinary changes, in conjunction with the estimation of the 
blood urea, we believe to be both of diagnostic and prognostic importance. 
The final proof of the correctness of the diagnosis must depend in every 
case on bacteriological and serological tests ; it is equally important in Weil’s 
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disease, as in enteric fever, to know at which period of the disease to send 
blood, serum, or urine to the bacteriologist for examination—hence the 
value of dividing the clinical manifestations into the three periods indicated 
above. 


Case Histories of Patients who died of Weil’s Disease 


Case 39. Male, aged 45. Occupation: fish-worker. Admitted to the 
Aberdeen Royal Infirmary, under the charge of Mr. F. K. Smith on 31.10.35. 


Complaint. Persistent vomiting. 

Previous history regarding health satisfactory. Moderate smoker, does 
not drink spirits. Four years ago the patient had jaundice, from which he 
completely recovered. 


History of present illness. Five days prior to admission patient suddenly 
developed an intense frontal headache, followed by repeated vomiting and 
moderate pain in the right hypochondrium. Both headache and vomiting 
continued, and the patient was unable even to retain sips of water. There 
were no urinary symptoms, the bowels were constipated. His doctor states 
that he did not appear to be feverish. 


Physical examination. On admission the patient, whose temperature was 
normal, was neither collapsed nor severely dehydrated, despite the history 
of continuous vomiting. The conjunctival vessels were markedly engorged, 
the tongue very dirty, and some cough and moderate congestion of the 
throat were present. A trace of jaundice could be seen in the eyes; no 
palpable lymphatic nodes could be felt; the liver was firm, hard, and en- 
larged to three finger-breadths below the costal margin; the spleen was not 
palpable ; other systems normal. 


Special investigations. Blood count: Hb 105 per cent.; W.B.C. 22,000. 
Urinary features: the urine contained bile, albumin, red and white cor- 
puscles, and casts. The urinary output was reduced, and on the day before 
death the urine boiled almost solid with albumin. By the eighth day of the 
disease the blood urea had risen to 397 mg. per cent. We believe that the 
toxic nephritis present was the principal cause of the retention of nitro- 
genous products, but the high figure may be partly due to the effects of 
chloride loss by vomiting, and to toxic hepatitis. 

The jaundice steadily deepened until the patient was dark yellow at the 
time of death. The icteric index on the eighth day of the disease was 
60 units; the van den Bergh reaction was direct positive; the urine was 
dark-coloured and the faeces light-coloured. Widespread haemorrhages into 
the skin occurred on the eighth day of the illness, and were seen particu- 
larly where pressure of the bed-clothes was present. During the eighth and 
ninth days the patient had several fits; one of these occurred when Dr. Ful- 
lerton (of the Department of Medicine) was removing blood for a blood 
count. He states that the patient suddenly sat up in bed, gave a gasping 
cry, and developed generalized muscular rigidity, which lasted about 
15 seconds; this was followed by coarse clonic movements of the arms and 
legs, lasting about 30 seconds. The patient was unconscious during the fit, 
and for some minutes thereafter was unable to talk. No incontinence of 
urine or faeces occurred ; the patient’s jaw was clenched, but the tongue was 
not bitten and no frothing at the mouth was present. Accordingly, estima- 
tions of the blood calcium, sugar, chlorides, and urea were made; they were 
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found to be: 8-4, 0-09, 0-41, and 397 mg. per cent., respectively. It is interest- 
ing to speculate on the nature of these fits, and the possible causes may be sum- 
marized as follows: (1) Minute haemorrhages, irritating the motor area of 
the brain. (Widespread haemorrhages in many situations were found post 
mortem, but unfortunately the brain was not examined.) (2) Idiopathic 
epilepsy : complete absence of fits prior to the present illness probably in- 
validates this diagnosis. (3) Tetany: Tetany occurs under conditions of 
alkalosis, and in the present case the low blood chlorides indicate the with- 
drawal of acid radicles from the blood, consequent on incessant vomiting. 
On the other hand, tetany also occurs in uraemia, a condition in which an 
acidosis is present. In our patient both factors were present, and the ulti- 
mate hydrogen-ion concentration would depend on their relative degree. 
On this point we can supply no further data. It is doubtful, however, if 
the blood calcium and the blood chloride levels were sufficiently low to 
account for the fits. (4) Hypoglycaemic shock: the blood-sugar was 
0-09 mg. per cent., but it should be mentioned that rectal glucose infusion 
had been given up to within half an hour of the time when the sample of 
blood was withdrawn. The fits, however, did not resemble those typical of 
hypoglycaemia. (5) Uraemia: the high blood urea was in keeping with this 
diagnosis. (6) Hypertensive encephalopathy : the necessary preceding factor 
of intense acute nephritis was present. Lumbar puncture, however, revealed 
no marked increase of pressure in the cerebrospinal fluid, which was bile 
stained and gave a direct van den Bergh reaction; this type of bile-stained 
fluid is extremely rare. There was no increase in cells or protein. 

In conclusion, it seems most reasonable to us to believe that the fits were 
connected with the failure of renal function. 

One of the writers, who carefully examined the patient 36 hours before 
death, was surprised how well he appeared to be in view of the amount of 
toxaemia present, as evidenced by liver, kidney, and blood-vessel damage. 
The patient was competent to answer all questions quietly and intelligently, 
and was not severely collapsed or dehydrated. On the ninth day of the 
illness his serum gave a positive agglutination test to the Leptospira ictero- 
haemorrhagiae in a dilution of 1 in 300. The patient died on the tenth 
day, and on no occasion, while in hospital, did he have a temperature above 
98-4° F. 


Case 12. Male, aged 63. Occupation: fish-carter. Admitted to Woodend 
Hospital on 16.10.34. 

Complaint. Pain in the chest, cough, and shivering. The symptoms 
started abruptly seven days prior to admission to hospital. The family 
doctor’s diagnosis was pneumonia; he stated that the temperature had 
never exceeded 100° F. prior to hospitalization. Previous history regarding 
alcohol was bad; he had been an intemperate man, and on one occasion 
previously had had jaundice. 

Examination on admission. Patient was profoundly ill, paying little 
attention to his surroundings, and it was impossible to get him to answer 
questions intelligently. Temperature was 98° F., and on no occasion during 
the four days which elapsed before death was a temperature found above 
this figure. The pulse was 104, weak, regular, and of low tension (92/52 min. 
Hg); the heart sounds were faint but pure; the respiration-rate was rapid 
(40). The patient had a sharp cough and a profuse blood-stained spit, 
from which a Group IV pneumococcus was cultivated. The pharynx 
showed congestion and haemorrhages into the mucous membrane. Epistaxis 
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occurred. Jaundice first became apparent on the day of admission; the 
abdomen was distended and the patient suffered from anorexia and a bilious 
vomit. His tongue was very dirty; the bowels were confined; he was 
almost completely anuric. Examination of the lungs revealed crepitations 
at the left base and over a large area of the right lung. Vocal fremitus 
over the lower lobe of the right lung was increased, the percussion note was 
impaired, and broncho-vesicular breath sounds were heard. During the 
next three days the jaundice deepened, the patient became more drowsy and 
collapsed, despite all treatment, the respiration-rate fell to 28, and the 
pulse-rate remained at 100. Muscular twitchings suggestive of uraemia 
occurred. No urine was passed, and he died on the eleventh day of the 
disease. Leptospirae were obtained from the kidneys following guinea-pig 
inoculation. 


A study of the two fatal cases suggests that the following points of in- 
terest appear to be worthy of note: (1) The age of the patients. Both 
patients were much older than the majority of cases of Weil’s disease in 
Aberdeen, since the workers among fish belong largely to the adolescent or 
young adult class. (2) The history of previous jaundice in both cases. It is 
interesting to speculate whether the previously damaged livers were unable 
to withstand the toxaemia of Weil’s disease as well as healthy organs. 
(3) The afebrile course of the disease. It is possible that the absence of 
fever in Case 12 was connected with toxaemic shock, but this did not seem 
to be the proper explanation in Case 39. (4) Muscular twitchings suggestive 
of uraemic fits occurred in both cases, and would appear to be of serious 
prognostic significance. 


Post-mortem Reports 
Case 12. 


Jaundice. Intense, the skin, conjunctivae, deeper tissues, and viscera 
being extremely yellow. Haemorrhages. Punctiform and diffuse ecchy- 
mosis of skin, pleura, pericardium, and gastro-intestinal serosa; haemor- 
rhage also in lungs. Chest. Pericardium showed minute haemorrhages. 
Myocardium soft and icteric. Endocardium and valves unaltered. Lungs: 
marked basal congestion and numerous haemorrhages throughout. Micro- 
scopic appearance of lung. The only noteworthy feature is severe intra- 
alveolar haemorrhage. 


Abdomen. Liver showed definite enlargement. Surface yellow on section 
with distinct mottling. Gall-bladder full of bile and showing no obstruction. 
Spleen showed no marked enlargement and no softening of medullary 
portion. Microscopic appearances of the liver and spleen. The majority 
of the liver-cells were swollen and showed mild fatty changes, and many 
of them, especially towards the centres of the lobules, contained a con- 
siderable bulk of granular bile pigment; individual cells at rare intervals 
showed the nuclear alterations characteristic of necrosis, and in a similar 
small proportion of cells the nuclei were in process of mitotic division. 
There was a mild lymphocytic infiltration of the portal tracts, but the 
smaller bile ducts were healthy. Spleen. The main alteration was an 
intense engorgement of the pulp. 


Stomach and intestines. Showed scattered haemorrhages. Pancreas. 
[Q.J.M. New Series No. 18] T2 
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Showed hyperaemia and jaundice. Kidneys. Both symmetrically en- 
larged and icteric; both showed parenchymatous hyperaemia. Cloudy 
swelling of cortex and line between cortex and medulla blurred. Micro- 
scopic appearance of kidney. The kidney showed a mild nephritic lesion 
characterized by early endothelial and epithelial proliferation in the 
glomeruli, accompanied by dilatation, epithelial degeneration, and catarrh 
in the tubules and by mild infiltration of the stroma, chiefly by plasma 
cells. Adrenals. Showed softening of medulla. Bladder. Few small 
haemorrhages. 


Case 39. 

The subject was a well-nourished, muscular, middle-aged man. The 
cutaneous, mucous, and serous surfaces, the small amounts of transudate in 
the serous sacs and the substance of the viscera, particularly the kidneys, 
were all deeply bile stained ; but microscopically there was no deposition of 
bile pigment except in the centres of the liver lobules where there were small 
greenish plugs in the canaliculi and fine yellow granules in the adjacent 
parts of the liver-cells; beyond the canaliculi there was no evidence of 
obstruction either in the small bile-ducts or in the main excretory 
channels. 

There were numerous petechial haemorrhages in the skin, especially over 
the ventral surface of the chest and upper abdomen, in the mucous mem- 
branes of the stomach and air-passages, and in the endocardium. In the 
lungs irregularly spherical areas of haemorrhage, averaging about 1 cm. in 
diameter, firm in consistency and of a deep red, almost black, colour were 
profusely scattered throughout the actively congested oedematous tissues. 

There was little naked-eye evidence of degenerative changes in the viscera 
although the heart-muscle, liver, and kidneys were swollen and had a pale 
and slightly glazed appearance. Microscopically the myocardium showed 
fine fatty stippling of the axial portions of the fibres; there was more 
marked fatty change in a few of the renal tubules, but this appeared to be 
due to a pre-existing mild chronic nephritis, and generalized toxic degenera- 
tion was very slight ; the liver cells were slightly swollen, but fatty changes 
were absent and there was no evidence of the active proliferation of liver 
cells commonly described in cases of Weil’s disease. 

Active hyperaemia of the spleen, engorgement of the inner zone of the 
adrenal cortex, and a terminal purulent capillary bronchitis were the only 
other noteworthy findings. 

No spirochaetes could be found in Levaditi preparations of the heart, 
liver, and kidneys. 

On the whole, considering the fatal outcome of the infection, the evidence 
of visceral damage was surprisingly slight. From the anatomical stand- 
point the only noteworthy feature of the case was the intensity and pro- 
fusion of the haemorrhages in the lungs; these produce a ‘ butterfly’s wing 
mottling’ which rivalled that seen in the lungs of experimentally infected 
animals. 


Bacteriological and Serological Findings 


The bacteriological findings are given in detail in Table II, and deal only 
with Cases 14 to 41 inclusive, since data regarding Cases 1-13 appeared 
in our previous communication. Instead of using direct cultural methods 
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to recover the leptospirae, each specimen of blood and urine for examina- 
tion was inoculated intraperitoneally into two guinea-pigs. Blood specimens 
were received in a clotted condition, and after the serum was removed the 
clot was prepared for inoculation by cutting it into fragments with a pair of 
sterile scissors. If the urine was a clear specimen, 30 c.c. were centrifugalized 
and the deposit inoculated, but if it contained much precipitate, then 5 c.c. 
of the supernatant fluid were injected into each animal. 

From twenty-two cases in this series, nine showed leptospirae in the 
blood as follows : 

Day of disease 5 6 7 8 

No. positive 2 1 5 0 1 

No. negative 0 0 4 3 5 
The findings agree with those of other workers in that, to demonstrate the 
leptospirae in the blood, the specimens should be obtained as early as 
possible after the onset of the illness. Furthermore, the presence of lepto- 
spirae in the blood is not compatible with the presence of antibodies. The 
blood specimens from which the leptospirae were obtained failed to show 
the presence of lysins, as judged by the negative sero-reactions, except in 
one instance (Case 37), and in this one the serum reacted to a titre of 1/10 
only. In six cases it was not worth while inoculating blood samples, as con- 
valescence had been established. 

Urine. Experience has shown that it is a much more difficult matter to 
obtain living leptospirae from the urine than from the blood. From twenty- 
three cases sixty-three samples were inoculated at various dates after the 
onset of the illness, and only five specimens from four cases gave positive 
results. The specimens were inoculated into guinea-pigs within one hour 
after being passed, and yet the results were not satisfactory. Positive 
results were obtained on the 19th, 17th, 14th, and 13th days after the 
onset of the illness. The difficulty of obtaining viable leptospirae seems to 
depend on several factors, which will be discussed later. 

Guinea-pig inoculation. All guinea-pigs which became infected as a result 
of blood or urine inoculation died with the typical signs of a leptospiral 
infection, and no difficulty occurred in demonstrating the leptospirae in the 
liver of the dead animals. With aseptic precautions the liver tissues were 
removed, emulsified in saline, and cultured in Schiiffner’s medium, nine 
strains from human blood specimens and five from urine being thus 
obtained. In three instances, however, only one of the two animals died of 
a typical infection. After waiting for a further two weeks, the survivors 
were killed, their sera were tested for immune bodies, the kidneys were 
examined microscopically for leptospirae, and finally emulsions of the tissues 
were reinoculated into two further animals. All methods failed to show 
any evidence of infection, no immune bodies being demonstrated, and no 
evidence of a carrier condition being obtained. It seems possible, therefore, 
that in these three instances the materials inoculated must have contained 
very few leptospirae, insufficient in number to infect both guinea-pigs. 
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TABLE IT 
Bacteriological Findings 
+ = positive test; — = negative test; 0 = no test. 
Blood. Urine. 
» f \ 
Day of Guinea-pig Sero- Day of Guinea-pig Sero- 
illness. inoculation. reaction. illness. inoculation. reaction. 
140 0 1/1,000 0 0 0 
8 — _ 0 0 0 
15 0 -- 
151 0 1/1,000 

6 + _ 6 — _ 
ll 0 1/10,000 15 — 1/6 
18 0 1/10,000 17 - 0 
19 + 0 

29 “ 1/10 

36 se 1/10 
7 - 1/300 9 on 1/2 

17 0 1/30,000 16 oo 1/10 
17 — 0 
25 — 0 

32 = 1/30 
6 + — 6 _- o 

10 0 1/30,000 14 o 1/10 
17 — 0 
20 _ 0 
6 + —_ 6 - aa 
12 0 1/300 14 - - 
17 -— _ 
20 ™ 1/2 

13 0 1/1,000 16 _ 1/10 
6 ta 1/30 6 - _ 
14 0 1/10,000 14 _— 1/2 
17 —_ 0 
21 — 0 
8 + — 9 _ _ 
16 0 1/10,000 14 _ 1/6 
17 — 0 
20 — 0 
8 ~- 1/1,000 9 oe 1/2 
10 _ 0 
19 — 0 

4 + — 7 mm 1/10 
7 am 1/1,000 13 we 0 
16 0 1/30,000 16 — 0 
21 _ 0 
7 - 1/10 7 tie _ 
11 0 1/300 il on _ 
17 + = 
19 + = 

27 a 1/10 
10 — _ 10 ik ae 
14 0 _ 17 _ _ 
21 0 1/30,000 21 _ 1/6 
41 0 1/30,000 0 0 0 
5 + — 10 a a 
13 0 1/1,000 14 + — 
17 = 1/2 

20 _ 1/10 

32 = 1/30 
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TABLE II (continued) 








Blood. Urine. 
c= £ ’ 
Case Day of Guinea-pig Sero- Day of Guinea-pig Sero 
No. illness. inoculation. reaction. illness. inoculation. reaction. 
29 4 + — 6 ~ _ 
10 0 1/10,000 13 + 1/10 
16 —_ 0 
18 _ 1/100 
C.S.F. 
30 6 + _ 13 _ — 
10 0 1/30,000 17 — = 
19 _ 1/2 
31 6 — 1/300 6 _ _ 
32 19 0 1/30,000 19 _ 0 
21 _ 0 
32 _ 1/100 
33 7 —_ 1/300 9 _ 0 
14 0 1/30,000 10 _ 0 
16 — 1/10 
20 _ 0 
23 — 1/100 
34 vf — 1/30,000 7 _ — 
16 _ _ 
24 _ 1/10 
35 20 0 1/30,000 21 — 1/6 
36 16 0 1/10,000 18 — 1/100 
19 — 0 
37 6 + 1/40 30 —_ 0 
8 0 1/1,000 6 Guinea-pigs - 
18 died. 1/100 
21 B. colt 0 
22 infection 0 
38 6 _ 1/1,000 14 —_ 1/2 
18 _ 1/6 
20 _ 1/30 
39 8 —_ 1/300 9 Kidney 
emulsion 
inoculated 
40 10 0 1/1,000 40 _ 1/10 
41 6 _ _ 10 _ — 
10 0 1/1,000 14 _ 1/10 
18 — 1/30 


Blood sero-reaction. Schiiffner’s sero-reaction was carried out according 
to the method already described (Davidson et al. (1, 1934)). The test can 
be applied with ease and rapidity, and with the proper microscopical equip- 
ment no difficulty arises in the interpretation of results. The sero-reaction 
done on forty-seven specimens of blood obtained from twenty-seven cases 
was as follows: 


Day of disease 4 5 6 7 8 10+ 

No. positive 0 0 4 5 1 26 

No. negative 2 1 5 0 3 2 (later positive) 
The findings indicate, therefore, that the sero-reaction is rarely positive 
before the 6th day, but from that date onward an increasing number of 
positive reactions will be obtained. In Case No 15, however, the sero- 
reaction was negative on the 8th and 15th days; a third test was not done 
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until the 15lst day, when it was found to be positive. In Case 26 it was 
negative on the 10th and 14th days after the illness, but markedly positive 
on the 21st. These two cases were particularly mild in character, and it 
may be that this feature accounted for the slow production of immune 
bodies. 

Urine sero-reaction. During the course of an investigation into the ex- 
planation of the relative difficulty with which leptospirae were recovered 
from the urine, it was found that lysins were excreted, and this has since 
also been reported by van der Hoeden (17, 1935). The titre of the lysins 
can be estimated by the same methods as are used for the serum titration, 
but instead of commencing with a 1/10 dilution two lower were prepared— 
1/2 and 1/6. The findings indicate that these immune bodies do appear in 
the urine, but at a later date than in the blood. Furthermore, the titre of 
the lysins in the urine is very much lower than in the serum, as would be 
expected. Nevertheless, examination of the urine by means of Schiiffner’s 
sero-reaction can be useful from the tenth day onwards, and can give cor- 
roborative evidence as to the cause of the infection. With a view to con- 
trolling the urine sero-reaction, fifty specimens of normal urine were 
thoroughly cooled in the refrigerator to cause complete precipitation of 
urates and phosphates. They were then clarified by high-speed centrifuga- 
lization and the supernatant fluid was used for the test. None of these 
specimens gave a positive reaction. 

We have already drawn attention to the difficulty of obtaining viable 
leptospirae from the urines of cases of Weil’s disease. There seem to us at 
least three possible explanations of this difficulty. The most obvious would 
appear to be the presence of lysins in the urine. The relationship between 
the presence of lysins and living leptospirae can be examined in Cases 16, 
25, 28, and 29. Five specimens from these four cases showed, by guinea- 
pig inoculation, living leptospirae. Yet in two cases (16 and 29) the urine 
gave a positive lytic reaction to titres of 1/6 and 1/10. It is obvious, there- 
fore, that the presence of immune bodies does not fully explain the difficulty. 
Two other factors which require consideration are the chemical composition 
of the urine and the period during which the leptospirae are in contact 
with the urine. Accordingly, certain experiments were carried out to 
elucidate these problems. 

Action of urine containing immune bodies on leptospirae. In order to 
demonstrate the action of lysins, a series of ten normal urines, as sent to 
the laboratory for examination, were filtered through sterile L5 Chamber- 
land candles to render them bacteria-free. The various samples were then 
stored in sterile containers. For the first part of the experiment 3 c.c. 
of each were placed in a sterile tube, five drops of a virulent culture of 
L. icterohaemorrhagiae were added, and the tubes were then kept at room 
temperature. At intervals drops of the mixture were examined, by dark- 
ground illumination methods, for motile leptospirae. Actively motile 
leptospirae were seen in all specimens after one hour, in four after two 
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hours, and in only three after six hours. To further samples of the three 
specimens in which the leptospirae remained motile for six hours, sufficient 
immune rabbit leptospiral serum (titre 1/30,000) was added to give a lytic 
titre of 1/30. These, together with three control specimens, were inocu- 
lated with five drops of living virulent cultures of leptospirae, and the 
various tubes were then again maintained at room temperature. From 
these, five drops were removed at intervals and added to tubes containing 
Schiiffner’s medium, which were incubated for four days at 30°C., then 


TaBLeE III 
Effect of Lysins in Urine Samples 
: Normal Normal Normal 
Urines. Normal. +lysins. Normal. +lysins. Normal +lysins 
Presence of living A Al B Bl C Cl 


leptospirae in ess eee eS 
culture medium. Days 4 8 4 8 4 8 4 8 4 8 4 8 


Exposed and then 
cultured for: 


1 hour a ae =— + ee fee - + Se tee - FF 
2 hours wee Se = eo tr hee ae ‘er FEF ae ie 
a 45 er Fer == tee Wer soo hy Ser Ter = = 
. th HR RH a er 
. -« thE HH er 
24 ~«C, - - - - - ~ - - - ~ - - 

+++ = profuse growth. 

++ = moderate growth. 
+ = scanty growth. 


no growth. 


examined by dark-ground illumination methods, replaced in the incubator, 
and finally examined after a further period of four days. The result of 
these experiments are detailed in Table III. From this it is seen that 
leptospirae may survive for a period of eight hours, but not for twenty-four 
hours in certain samples of normal urine. When, however, sufficient lysins 
were added to give a titre of 1/30, after an incubation period of four days 
the cultures made showed no growth. Further, after an incubation period 
of eight days, the tubes inoculated with the material from the Al, Bl, and 
Cl series showed scanty growth up to the 2-hour exposure period, and in 
the case of the Bl series to the 4-hour period, but thereafter no growth was 
obtained, whereas in the tubes inoculated from the control series, profuse 
growths were obtained even after eight hours’ exposure. It is evident, 
therefore, that lysins in urine exert an inhibitory and lethal action on viru- 
lent leptospirae. 

Effect of normal urine on leptospirae. A series of urines, thirteen in number, 
were filtered through L5 Chamberland candles, and stored aseptically. 
They were tested for pH, albumin, and bile. To 3 c.c. of each five drops of 
virulent culture were added and maintained at room temperature. At 
intervals five drops were then transferred to culture tubes of Schiiffner’s 
medium, and incubated for six days at 30°C. The results are set out in 
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Table IV, which shows that in one specimen the leptospirae survived only 
for one hour, in five for two hours, in one for four hours, in one for six 
hours, in three for eight hours, and in two for twenty-four hours. It was 
found to be impossible to correlate the chemical findings with the period of 
survival, but it is obvious that certain urines contain substances which are 
highly inimical to leptospirae. 


eS OL el 
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TaBLE IV 
Action of Various Urines on Leptospirae 


Chemical Urinary samples. Control 


Soret . a 
characteristics 5 6 - 8 9 10 ll 12 medium 
Albumin 


| 

pH . . . 6 55 58 56 68 7:2 52 52 5-4 

Bile - - - - = - - - 
Time of 

exposure of Results of culture for 6 days at 30°C. 
leptospirae. 
1 hour 
2 hours 


9 








Yo an) AS OU P28 ee 1. | Cj 


39 
39 


9 


profuse growth. 
moderate growth. 
scanty growth. 

= no growth. 


Time factor. A study of Tables III and IV clearly indicates that the 
time during which the leptospirae are in contact with urine is of great im- 
portance, both in the case of urines containing immune bodies and in normal 
urines containing as yet unclassified inhibitory factors. 

In conclusion, therefore, it can be assumed (1) that the urine sero- 
reaction is a specific test, and (2) that the difficulty of recovering viable 
leptospirae from the urine probably depends on three factors at least; 
firstly, the presence of lysins which act on the leptospirae and kill them 
with considerable rapidity ; secondly, the chemical constitution of the speci- 
men ; and thirdly, the time during which the organisms are exposed to these 
inhibitory factors. 


Distribution of Cases 


The distribution of cases of Weil’s disease in the city of Aberdeen, as 
regards its incidence in a special group of workers, and its occurrence in 
those working in a particular area, clearly indicate its relationship to the 
fishing industry. Fig. 1 is a street map of that district of the city adjoining 
the harbour, occupied by the industry. The approximate situation where 
each case contracted his or her infection is marked by a black dot. Forty 
patients contracted Weil’s disease while working in 22 premises in this area. 
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Two fish-curing establishments each produced 6 cases, 1 produced 3, 6 pro- 
duced 2, and in the remaining 13, 1 case occurred in each. Again, the 
premises in 1 street accounted for 13 cases, those in another street 8, those 
in 2 streets 3 cases, those in 4 streets 2 cases, and the remaining 5, 1 in each 


CAs 


Fia. 1. 


street. As regards the premises in each of which 6 workers were infected, 
the seasonal distribution was as follows: 


Fish-works A. Fish-works B. 


Ist Case, No. 6 27.6.34 Ist Case, No. 14 4.10.34 
2nd » 16 12.11.34 2nd 15 13.10.34 
3rd x Mf 17.11.34 3rd 27 14.1.35 
4th » 19 28.11.34 4th 28 28.1.35 
5th Poe | 5.12.34 5th 30 14.5.35 
6th » 29 14.5.35 6th 31 18.5.35 


There has not been any particular prevalence in relation to the seasons, 
but from time to time several cases have occurred in the same premises at 
about the same time, for example: 
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Cases. Date of occurrence. 


9,11 28.9.34 8.10.34 
14, 15 4.10.34 13.10.34 
16, 17 12.11.34 17.11.34 
27, 28 14.1.35  25.1.35 
30, 31 14.5.35 18.5.35 
36, 37, 40 17.10.35 29.10.35 16.11.35 


The occurrence of several cases in the same premises within a few days of 
each other can probably be accounted for by an increased infestation by 
rats, attracted by food supplies when carelessness has been displayed in dis- 
posing of refuse and offal; or perhaps, in some measure by migration from 
other premises in which eradication methods have been adopted. 

The industry which has grown up around the preparation of fish for 
human consumption cannot be said to be conducted entirely on up-to-date 
hygienic principles. The patients in the present series have been employed, 
for the most part, in the handling of white fish. In this city some 250 dif- 
ferent establishments, each employing perhaps 5 to 6 girls and 2 to 3 men, 
are constantly at work. These small businesses account for about 60 per 
cent. of the total, the remaining 40 per cent. being in the hands of larger 
firms, emplying 40 to 100 or more workers. 

At the outset it may be said that for economic reasons the smaller busi- 
nesses are less able to employ hygienic methods than the larger concerns, 
though this does not always follow. A visit to many of these establishments 
shows that the premises and equipment are often unsatisfactory. The fish 
are taken from the market in boxes; they are dumped in a corrugated-iron 
shed, in which, at a wooden table, 5 or 6 girls proceed to fillet and prepare 
the fish for sale to the retailer. 

The water for washing is obtained from the municipal supply, which is 
entirely satisfactory, but often, instead of being withdrawn from the tap, it 
is drawn from a tub placed underneath the tap. The latter source, the 
table, and the floor all rapidly become covered with slime and offal. In the 
evening the bulk of the dirt and offal is collected into barrels, which are not 
removed until the following morning. As the premises are often rudely 
constructed there is little protection against rats, which infest the whole 
area in which the business is conducted. Figs. 2 and 3 clearly show the 
unsatisfactory features enumerated above. In conclusion it would appear 
to us that since there can be no Weil’s disease without infected rats, all the 
occupiers of premises in this area should be encouraged, and, if necessary, 
compelled, to adopt rat-extermination methods, preferably under the 
municipal scheme so that constant supervision might be exercised. 


The Killing Effect of Hypochlorite Disinfectants on L. icterohaemorrhagiae 


In the fishing industry serious loss occurs through difficulty in preserving 
fish until this foodstuff reaches the consumer. Certain chemical firms have 
therefore carried out research to try to find a suitable disinfectant, which, 
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to be effective for this purpose, must have a rapid action, be non-poisonous, 
and leave noodour or taste. Sodium hypochlorite solution had already been 
found to be satisfactory, and it seemed advisable, therefore, to test its killing 
effect on L. icterohaemorrhagiae. For this experiment the material prepared 
by Imperial Chemical Industries and marketed under the name of ‘ Chloros’ 
was used. On analysis the sample utilized was found to contain 12-57 
per cent. available chlorine, or 125,700 parts chlorine per million of the 


solution. 
TABLE V 


The Effect of Exposing L. icterohaemorrhagiae to Various Concentrations of 
Sodium Hypochlorite 


Time of Dilution Number of guinea- Result 
exposure. of chloros. pigs inoculated. ‘ 


5 minutes 1/10 
1/100 
1/1,000 
1/10,000 
1/100,000 
10 minutes 1/10 
1/100 
1/1,000 
1/10,000 
1/100,000 


Died of toxic effects 
Survived 


Died of leptospiral infection 


Died of toxic effects. 
Survived 


Died of leptospiral infection 


Cel ll 


Controls All died of leptospiral infection 


The method employed in carrying out the test was as follows: Into sterile 
tubes 8 c.c. of Schiiffner’s culture medium (without serum) were placed; 
2c.c. of the hypochlorite solution were added to the first tube, and after 
thorough mixing 2 c.c. were transferred to the second, and so on until 
dilutions ranging from 1/5 to 1/50,000 were prepared. Then to a fresh 
series of tubes 2 c.c. of the same medium (again without serum) were added, 
and 0-5 c.c. of a living, fully virulent culture of a strain of L. icterohaemor- 
rhagiae. From the tubes containing the diluted hypochlorite solution, 
2-5 c.c. of each were transferred to the tubes containing the living culture. 
In this way final dilutions of sodium hypochlorite, ranging from 1/10 to 
1/100,000, were obtained to act on living leptospirae. A short killing period 
of five and ten minutes was purposely allowed, and in order that the action 
of the hypochlorite might be stopped immediately, 1 c.c. of each dilution 
was inoculated into a guinea-pig intraperitoneally. Animal inoculation 
appeared preferable to cultural methods, for which sodium hyposulphite 
would have had to be added to eliminate the action of the chlorine. 

The result of the experiments are given in Table V. In the first series of 
inoculations, the guinea-pigs receiving 1 c.c. of a 1/10-hypochlorite solution 
died within twenty-four hours (evidently this concentration was much too 
toxic for them), while those inoculated with the higher dilutions showed no 
evidence of any such action. After an interval of seven to eight days, the 
animals inoculated with the material from the tubes containing 1/10,000 and 
1/100,000 dilutions of hypochlorite died of a typical leptospiral infection, 
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while those inoculated with the mixture ccntaining 1/100 and 1/1,000 
dilutions survived until they were killed eighteen days after the commence- 
ment of the experiment. This result was obtained when leptospira were 
exposed to the action of the disinfectant for both five and ten minutes, 
Four control animals inoculated with the same amount of living culture as 
was employed in the tubes containing hypochlorite but diluted with culture 
medium only, died of a typical leptospiral infection. 


TaBLe VI 


The Effect of Exposing L. icterohaemorrhagiae to Various Dilutions of Sodium 
Hypochlorite for Five Minutes 


Dilution Amount of residual Number of guinea- 


of chloros. chlorine p.p.m. pigs inoculated. Result. 
1/1,000 86-5 2 
1/2,000 46°5 2 All survived 
1/4,000 17-2 2 
Inge 4 3 All died of 
/8,000 3-9 2 ~ : 
ptospiral 
1/10,000 3-6 2 infection 
Control guinea- — o a 


pigs 

In order to obtain a more approximate estimate of the lethal action of the 
disinfectant, a further series of tests was carried out with dilutions ranging 
from 1/1,000 to 1/10,000, as given in Table VI. The guinea-pig inoculations 
were made in the same manner as in the previous test. The findings here 
showed that the hypochlorite could be diluted to 1/4,000 and still be effec- 
tive, but when the leptospira were treated with dilutions raging from 1/6,000 
to 1/10,000 for five minutes then all the guinea-pigs died of a typical lepto- 
spiral infection. 

Another series of dilutions were prepared, but, instead of 0-5 c.c. of the 
living culture being added, the same amount of the culture medium was 
substituted. Titration of the residual chlorine then showed that in the 
1/4,000 dilution, which killed the leptospira, there were 17-2 parts per 
million of residual chlorine, whereas in the 1/6,000 dilution, in which the 
leptospira survived for five minutes, there were eight parts chlorine per 
million. 

It is evident, therefore, that hypochlorite disinfectant can be used effec- 
tively in treating benches, utensils, and floors likely to be contaminated 
with living leptospira from rats. The manufacturers indicate that two fluid 
ounces of ‘Chloros’ should be added to each gallon of water, giving 1,250 
parts per million of available chlorine. This great excess of chlorine pro- 
vides for effective action, even in the presence of large amounts of protein 
material, a point of importance when dealing with an industrial disinfectant. 


Incidence of Leptospira in Rats 


In 1934 100 rats were trapped and examined for leptospira by micro- 
scopic methods and animal inoculation. In all 24 rats showed the presence 
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of typical leptospira. During the past year 63 rats have been examined, 
but so far only 9 (14 per cent.) positive results have been obtained. In this 
later series the emulsion prepared from the kidneys of each rat was inocu- 
lated into two guinea-pigs. In eight instances both guinea-pigs died of 
typical leptospiral infections, but in one instance one animal survived while 
the other died. The blood-serum of the surviving animal failed to show 
any lysins, and further guinea-pig inoculation failed to demonstrate the 
presence of leptospira in the tissues of the surviving animal. 


Cases Occurring Outside Aberdeen 


Sera from suspected cases of Weil’s disease are frequently sent to us for 
examination, and in our previous paper two cases occurring in Edinburgh 
were described. One of the patients was a gardener, and the other a keeper 
at a zoo. Since that time five more cases have been investigated. Two of 
these were miners working in pits near Thornton in Fifeshire, the third case 
was that of an unemployed labourer in Portobello, the fourth case was a 
fish-worker at Ramsey in the Isle of Man (under the care of Dr. Eason), and 
the fifth the foreman in a rag factory at Stonehaven. The source of infec- 
tion in the miners was presumably infected water, but there was no definite 
indication of how the third man contracted the disease, the fourth patient 
presumably contracted his disease in the same way as other fish-workers, 
and the fifth man from infected water, although no proof could be obtained 
that the water was infected. Blood samples from these five individuals 
reacted to titres of 1/3,000, 1/30,000, 1/10,000, 1/10,000, and 1/10,000, 
respectively. 


Incidence of Weil’s Disease in General Population 


With a view to obtaining some idea of the prevalence of leptospiral 
infections in the population generally, sera as sent for the Wassermann 
reaction and for various agglutination tests were utilized. The specimens 
were tested by the Schiiffner technique in dilutions ranging from 1/10 to 
1/300 against both L. icterohaemorrhagiae and L. canicola. The sera sub- 
mitted for the Wassermann reaction from 265 individuals gave entirely 
negative results. In a similar manner the sera from 138 individuals suffer- 
ing from various febrile disturbances: typhoid and paratyphoid fevers, 
undulant fever, septicaemia, and pyrexias of unknown origin, also gave 
entirely negative findings. It may be concluded, therefore, that Weil’s 
disease has a very special distribution amongst the population, and, further- 
more, that the Schiiffner sero-reaction is an entirely specific one, the agglu- 
tinins and lysins being formed as a result of leptospiral infection only. 

During the past year various outbreaks of epidemic catarrhal jaundice 
have occurred amongst children. The symptoms were similar and typical 
of the condition. There was usually an initial period of nausea and vomit- 
ing, followed by mild pyrexia with jaundice about the third or fourth day 





284 QUARTERLY JOURNAL OF MEDICINE 


after the onset. The jaundice deepened for a few days, then began to 
disappear, and convalescence was rapidly established. The patients were 
not as a rule seriously ill and the cases occurred in groups, mainly amongst 
children. 


TasxLe VII 


Epidemic Catarrhal Jaundice 
Outbreak. Number involved. 








~ 4 No. of sera examined. 
Place. Children. Adults. 
Aberdeen 4 — 
Aberdeen 1 2 
Isle of Man 18 1 
Aberdeenshire 8 — 
Aberdeenshire 6 — 
Belfast Numerous — 
Stockport 20 —_ 


Onna wr 


From the cases detailed in Table VII twenty-three specimens of serum 
obtained after convalescence had been established were tested against 
L. wterohaemorrhagiae and L. canicola in dilutions ranging from 1/10 to 
1/1,000. No evidence whatsoever was obtained that these infections were 
leptospiral in origin, all sera giving entirely negative results. 


Incidence of Weil’s Disease in Fish-workers in Aberdeen. 


Forty cases of proved Weil’s disease have occurred in Aberdeen during 
the past eighteen months. It is certain that some mild cases without 
jaundice have not been recognized. No data are as yet available for the 
incidence of the disease among fish-workers. Accordingly, we have obtained 
permission from the Fish Trade Association to approach the employers with 
a view to carrying out the sero-reaction on the serum of several hundred 
persons. 


Weil’s Disease an Occupational Disease 


The important part played by occupation in the aetiology of Weil’s 
disease is well recognized the world over. In this country, prior to our 
communication in 1934, the only trades recognized to be of aetiological 
importance were mining and working among sewage. A sudden illness 
followed by jaundice in workers belonging to these categories, immediately 
brought the possibility of Weil’s disease to mind. The evidence presented 
in this and in our previous communication definitely associates the disease 
with workers among fish. To-day, in Aberdeen, the clinical manifestations 
enumerated above, when occurring in a fish-worker, suggest leptospiral 
infection, whereas, in the rest of the population, such symptoms merely 
indicate an acute infection, since it is only in one industry in this city that 
Weil’s disease has occurred. Workers in the fish trade now recognize the 
disease themselves, and on several occasions have correctly made the dia- 
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gnosis, much to the surprise of the family doctor, who has been informed by 
the patient that he has contracted ‘ fish-workers’’ disease. Since deaths 
from Weil’s disease have occurred among fish-workers, and since, in those 
who recover, periods of weeks or months of disability from work may result, 
it is evident that Weil’s disease is an industrial hazard, and as such should 
be scheduled under the Workmen’s Compensation Act. In our experience 
there is no evidence that the disease can be contracted, except from associa- 
tion with infected water, which is so frequently present in the premises 
used by workers among fish. In our previous communication we described 
the successful recovery of pathogenic leptospirae from water obtained from 
floor washings and tubs in such premises. Appleman’s (18, 1934) technique 
was employed. We believe that we have produced conclusive evidence 
that the fish trade must be added to the occupations peculiarly liable to 
Weil’s disease. 


Summary 


1. Forty-one cases of Weil’s disease have occurred in Aberdeen during the 
past eighteen months, forty of which were fish-workers. 

2. The clinical manifestations are described and their percentage inci- 
dence analysed. 

3. Detailed case histories and post-mortem reports on two fatal cases are 
appended. 

4. The biochemical changes found in the blood and urine are submitted. 

5. Proof of the occupational nature of the disease is given, and its 
association with an industry housed in a particular area of the city is 
demonstrated. 

6. The connexion between the carriers of the disease (infected rats) and 
the sufferers from the disease (infected fish-workers), through contaminated 
water and slime, has been established. 

7. An account of the bacteriological and serological investigations carried 
out is given, with particular reference to 

(a) the recovery of the leptospirae from the blood and serum of cases of 
Weil’s disease ; 
(b) the presence of immune bodies in serum and urine. 

8. Experimental investigations into the spirochaetocidal and spirochaeto- 
static action of urine from normal persons and from individuals suffering 
from Weil’s disease are described. 

9. An examination of the prophylactic value of hypochlorite solutions as 
spirochaetal disinfectants is given. 


In our previous paper we acknowledged our indebtedness to various 
colleagues under whose charge were four cases among our first twelve 
patients. We would now express our thanks to Mr. F. K. Smith, Surgeon, 
Aberdeen Royal Infirmary, for permission to publish our investigation of 
Case 39. Our thanks are also due to Dr. Robert Carmichael for his 
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pathological reports, and to the Aberdeen Fish Trade Association for their 
helpful attitude throughout the investigations. 


ADDENDUM 


Five additional cases of Weil’s disease in fish-workers in Aberdeen have 
occurred subsequent to the submission of this paper. One case terminated 
fatally with clinical and post-mortem findings almost identical with Cases 12 
and 39. The patient died on the eighth day of the disease, with intense 
jaundice, widespread haemorrhages, and uraemic manifestations, the blood 
urea being 339 mg. per cent. 
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RESPIRATORY EFFICIENCY TESTS IN ASTHMA! 


By JAMES L. LIVINGSTONE anp MARJORIE GILLESPIE 
(From the Asthma Clinic, King’s College Hospital) 


Introduction 


Durine the past three years we have been investigating the value of 
breathing exercises in the treatment of asthma. In this condition the 
respiratory efficiency is frequently diminished by gross functional emphysema. 
The aims of treatment by breathing exercises are to diminish this emphy- 
sema, to increase the mobility of the chest wall, and to teach the patient 
control of the diaphragm. Improvement was found in a number of cases 
treated by this method, and the clinical results have been reported in 
another paper (11). 

In an endeavour to find some method for expressing clinical improvement 
in terms of respiratory efficiency we decided, on Dr. Moncriefi’s advice, to 
use the tests suggested in his report (14), viz. graphic records by the 
Knipping Recording Spirometer and the mercury U-tube tests as advocated 
by Flack (7, 8). In addition, the movements of the diaphragm have been 
observed under X-ray, and measurements of the chest expansion have been 
made, before and after treatment. 

Knipping spirometer records. In every case the patient had a preliminary 
record taken to accustom him to the procedure. The actual record was 
taken on another day under basal metabolic rate conditions, that is, fasting, 
and after resting on a couch for at least half an hour. As far as possible 
cases were re-investigated at the same time of day on each occasion, and 
the same routine was carried out. The intervals between each record 
varied from three to six months, the patients meanwhile being treated by 
remedial breathing exercises. 

The spirometer consists of a gasometer, which is filled with a measured 
amount of oxygen into which the patient breathes, the whole being a closed 
circuit. The expired carbon dioxide is absorbed by potassium hydroxide in 
a glass flask and subsequently released by the addition of sulphuric acid ; 
the oxygen is kept in constant circulation by an electrically driven pump. 
The movements of inspiration and expiration are recorded on a two-speed 
drum. With this apparatus the oxygen consumption and CO, output for 
any given period (commonly seven minutes), can be accurately measured, as 
well as the average tidal-air, complemental, reserve or supplemental air, and 

1 Received November 12, 1935. 
[Q.J.M. New Series No. 19] U 
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therefore the vital capacity. Many other data, such as the total ventilation 
of the lungs, oxygen per minute, &c., can be calculated. A full description 
is given by Moncrieff (14). 

The record so obtained gives accurately: {1) The vital capacity and its 
component parts. These are compared with the expected normal as given 
by Dreyer (6), and calculated from the sitting height and weight of the 
patient. (2) The oxygen used and the CO, expired in a given time. (3) The 
minute volume, and oxygen per minute, from which the ventilation equiva- 
leat for oxygen is calculated (Knipping and Moncrieff,(10)). (4) Respiratory 
rate and inspiration—expiration time ratio. (5) The percentage of CO, in 
expired air (by calculation). (6) The dead space may also be obtained with 
this apparatus, but was not estimated in the present series, as it is almost 
impossible to obtain a satisfactory specimen of alveolar air from an 
asthmatic. 

Recently a new method of estimating the residual air without gas analysis 
of the alveolar air has been described by Christie (4), but too late for use in 
our series. 

Flack’s mercury U-tube tests for respiratory efficiency. The apparatus for 
these tests has been described fully by Moncrieff (14). It consists of a fine- 
bore mercury U-tube, one limb of which is attached to a mouth-piece by 
rubber tubing. To the free arm of the U-tube a millimetre scale is fixed by 
which the height of the mercury column may be read. The instructions for 
the two tests (1) are as follows: 


‘Measurement of expiratory force.—The subject is instructed to hold his 
lips round the mouth-piece, with the thumb and forefinger of each hand, at 
the same time pressing against the cheeks. After drawing in a full inspira- 
tion through the nose, he is told to blow the mercury steadily as high as 
possible, strongly contracting the abdominal muscles during the process. 
On no account must the subject be allowed to swing the mercury up violently, nor 
to persist in trying to force it up after it has started to fall. The reason for 
holding the cheeks is that it has been found that in some cases the mercury 
may be forced up to abnormal heights by the action of the cheek muscles. 
The number of millimetres Hg. reached by the person’s best efforts is 
recorded. 

‘Endurance test (40 mm. mercury U-tube test).—With the nose clipped, 
the candidate is asked to empty the lungs completely, inhale fully, blow the 
mercury to the height of 40 mm., and maintain it there without breathing 
as long as possible, the pulse being counted in periods of five seconds during 
the performance of the test.’ 


I. Knipping Spirometer Results. 


Records of 27 cases were taken and repeated at varying intervals. The 
following observations were considered the most important in relation to 
treatment by breathing exercises : 
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(a) The vital capacity and its component parts. The patients were divided 
into three groups: ‘Good’ (over 80 per cent. of the normal, calculated from 
the sitting height and weight of the patient from the tables given by Dreyer, 
(6)); ‘Moderate’ (50-80 per cent.) ; ‘Poor’ (under 50 per cent.). 

Of these cases 4 were ‘Good’, 17 ‘ Moderate’, and 6 ‘ Poor ’. 

An analysis of the effect of breathing exercises on the vital capacity is 
shown in Table I, which also gives the number of cases showing marked 
clinical improvement. 

TABLE I 


Vital Capacities in 27 Cases of Asthma 


Vital capacity after treatment. 





° . fm ' 
, beret nt Clinical Clinical Clinical 
efore treatment. Qooq, improve- Moderate. improve- Poor. improve- 
ment. ment. ment. 


Good 4 0 0 

4 1 0 
4 0 0 
8 "tg 0 


0 


Moderate 17 6 
Poor 6 1 


27 12 10 14 


This shows that after treatment the vital capacity was good in 12 cases 
(10 of these showed marked clinical improvement), moderate in 14 (8 of these 
showed marked clinical improvement), and poor in 1 case (no clinical 
improvement). 

The normal vital capacity is divided into three parts, viz. complemental 
63 per cent., tidal 17 per cent., and reserve or supplemental air 20 per cent. 
(Anthony, (3)). In asthma, as one would expect, the greatest deviation 
from the normal was found in the reserve air: this usually increased after 
treatment and accounted for the improved vital capacity in the majority 
of cases. 

The following table shows the improvement in the reserve air after 
treatment. 

TABLE IT 


Reserve Air in 27 Cases of Asthma 


Reserve air after treatment. 





Reserve air r \ 
before Clinical Clinical Clinical 


treatment. Good. improve- Moderate. improve- Poor.  improve- 
ment. ment. ment. 


Good 4 0 0 0 0 
Moderate 4 4 0 0 
Poor 4 5 5 4 4 

14 13 9 4 4 


Good = over 80% of normal. Moderate = 50-80 % of normal. 
Poor = below 50 % of normal. 


0 
1 
4 


The increase in the reserve air, therefore, appears to be the most important 
factor in the value of treatment by breathing exercises. 
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Twelve of the 27 cases showed varying degrees of chest deformity as a 
result of asthma. Before treatment, the vital capacity was good in 2 cases, 
moderate in 6, and poor in 4. After treatment the vital capacity was good 
in 7, moderate in 5, and poor in none. There was clinical improvement in 
10 out of the 12 cases. Thus, treatment by breathing exercises may increase 
the vital capacity and clinical improvement may take place, in spite of chest 
deformity. 

(b) Ventilation equivalent for oxygen. This term was first described by 
Anthony and is defined by Knipping and Moncrieff (10) as ‘the volume of 
inspired air that gives up 100 c.c. of oxygen to the body, and is usually 
expressed in litres, i.e., 
minute volume of respiration x 100 

oxygen used per minute. 

The normal value is given as about 2-5 litres, the limits being 1-9- 
3-1 litres. 

Knipping and Moncrieff (10) in the paper referred to above, state that 
the ventilation equivalent is an accurate index of the respiratory efficiency. 
The results which they obtained in patients with asthma, however, were 
very irregular and fell into two groups of high values and low values. The 
administration of adrenalin tended to bring these values towards normal 
(cf. also Knipping, Lewis, and Moncrieff (9)). The patients were all con- 
siderably dyspnoeic at the time of the experiment. 

In the present series the analyses were done during the free intervals 
between attacks, in order to obtain consistent results. 

Before treatment 18 cases were within normal limits, 5 were below, and 4 
were above normal. 

After treatment, of the 18 normal cases, 11 were still normal, 1 was low, 
and 6 were high. Of the 5 cases that were originally low, 3 became normal, 
1 remained low, and 1 became high. Of the 4 cases, originally above normal, 
2 returned to normal and 2 remained high. The ventilation equivalent, 
therefore, bore no relation to the clinical improvement. 

(c) Respiratory quotient. In this series very low figures for the R.Q. were 
obtained (below 0-7) before treatment. There was a tendency for the R.Q. 
readings to rise towards normal after treatment, but this was too inconstant 
to be significant. The R.Q. varied very much from time to time, but bore 
no relationship to the clinical state of the case. 

The low R.Q. seen in many of the cases is to be expected in the asthmatic, 
who has no difficulty in taking in oxygen, but cannot easily get rid of the 
expired air and CO,. The R.Q. is therefore low and rises as the difficulty in 
expiration disappears. The actual figures found in each case are given in 
the table at the end of this article. 

(d) Inspiration-expiration time ratio. The normal figure for the inspira- 
tion-expiration time ratio is given by Moncrieff (14) as 1:1-34, although 
many were between 1-0 and 1-3. He gives 1-5 or over as definitely abnormal. 
Knipping, Lewis, and Moncrieff (9) found great increase in the expiration 





Ventilation equivalent for oxygen = 
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time in their cases of asthma. This was considerably shortened by the 
administration of adrenalin. 

In the asthmatic the expiration time might be expected to be prolonged, 
and to decrease pari passu with clinical improvement. The figures for this 
series are to be found in the table at the end of the article. The ratio did 
not bear much relation to the clinical improvement. 

(e) Respiration rate. During the test the patients were breathing pure 
oxygen (for seven minutes in most cases) and the CO, was absorbed by potas- 
sium hydroxide solution. This may account for some low figures, such as 
9 per minute given in the table at the end. On the whole, the respiration 
rate fell in those cases which improved clinically. 


II. X-ray Screening of the Movements of the Diaphragm. 


The movements of the diaphragm were observed before breathing exercises 
were started, and again after some months of treatment. The excursion of 
the diaphragm was observed during both quiet and deep respiration ; the 
costo-phrenic angle was inspected during deep breathing with the trunk bent 
as far as possible to each side.. At the later screening, the patient was also 
instructed to ‘breathe deeply with the abdomen’, so that the degree of 
diaphragmatic control might be observed. 

Efforts were made to find a suitable method of measuring the excursion of 
the diaphragm. This was found impracticable. We have therefore used a 
clinical description of the movements of the diaphragm, which admittedly 
depends entirely on the personal opinion of the observer. The screening 
was done by the same person on every occasion. Taking the maximum 
diaphragmatic excursion in the normal untrained person as 100 per cent. 
(V.G.), we have graded the cases above or below that figure in the following 
way : 

Estimated 


Remark. percentage 
of normal. 
% 
V.G.+4 The maximum excursion of the diaphragm in 14 
a trained person 
V.G.+3 — 130 
V.G.+2 — 120 
V.G.41 — 110 
V.G. The maximum degree of movement in an un- 100 
trained normal person 
Good 80 
Moderate 60 
Poor 40 
Very poor 20 
Paradoxical movement 0 


Diaphragmatic 
excursion. 


The type of respiration, whether thoracic or abdominal, was noted when 
the patient was standing and breathing naturally: it was recorded in the 
following way : 
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Percentage of abdominal 
breathing. 

% 

100 

80 

60 

40 

20 

0 


Abdominal breathing. Thoracic breathing. 


TABLE IIT 


Type of breath- 
ing as per- Clinical 
centage of im- 
abdominal. prove- 
ment. 


Dura- Diaphragm Maximum 
tion of movements, degree 
disease quiet respiration. of dia- 
in 6 phragm 
years. Before. After. excursion. Before. After 
15 100 110 130 40 60 
5 100 110 120 40 60 
} 100 130 140 40 80 
17 80 100 130 0 80 
30 80 60 40 40 40 
10 80 60 120 40 60 
80 80 130 40 60 
80 60 120 0 40 
60 — _ 20 80 
40 40 100 0 20 
40 80 110 40 60 
40 100 20 0 60 
40 40 120 20 40 
40 _ — 20 40 
20 — — 0 20 
20 40 40 20 40 
20 60 80 20 40 
20 60 110 0 40 
60 100 40 60 
20 60 0 40 
40 100 40 60 
60 120 20 40 
80 120 40 80 


M 
M 
M 
M 
F 
M 
F 
F 
M 
F 
F 
M 
F 
F 
F 
F 
M 
F 
F 
M 
F 
F 
M 


= No attacks or wheezing for previous six months. 

ae pas »» 5 occasional wheezing for previous six months. 
Much improved: occasional attacks and wheezing. 
Fewer attacks than previously. 

= Failure to improve. 


Ill. Chest Measurements. 


The respiratory expansion was measured both at the level of the 4th rib 
and the epigastrium before treatment, and subsequently at three-monthly 
intervals. The figures were not very helpful, but as a general rule there 
was no Clinical improvement in a case unless a minimum expansion of 23 in. 
at the 4th rib, and 2 in. at the epigastrium, was obtained. Even with 
gross deformity, the degree of expansion attained in some cases exceeded 
expectation. 
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IV. Mercury U-tube Tests. 


Owing to their comparative simplicity a larger number of these tests were 
carried out than was possible in the case of the Knipping spirometer. In 
all, 46 cases, 19 male and 27 female, have been tested by the mercury 
U-tube. 

After treatment it was found that the endurance time increased in the 
majority of cases and bore a close relationship to the clinical improvement 
of the patient. The actual figures, however, were very poor. The Air 
Force Standards and a series of non-pulmonary cases attending the Out- 
patient Department of the Middlesex Hospital (Moncrieff, (12)) are given for 
comparison : 

Mercury U-tube Tests. 
Males. Duration at 40 mm. of mercury. 


Air Force standards 50-60 sec. 

Middlesex Hospital out-patients 33 (15-56) sec. 

Asthmatics, before breathing exercises 18 (5-41) sec. | Average improvement for 
Hs after Pn <6 27 (12-50) sec. { 19 cases, 7-6 sec. 


Females. 


Middlesex Hospital out-patients 24 (15-55) sec. 
Asthmatics, before breathing exercises 12 (0-30) sec. | Average improvement in 27 
55 after 5 = 17 (9-30) sec. cases, 5 sec. 


A very definite improvement on the expiratory force after treatment 


was noted. Strict comparison with other series is not possible, however, as 
we could not always prevent the patients from blowing out the cheeks, a 
point stressed in the Air Force directions. 


Males. Expiratory force in mm. of mercury. 


Air Force standards 110 mm. mercury 

Middlesex Hospital out-patients 88 (55-120) mm. 

Asthmatics, before breathing exercises 89 (35-120) mm. | Average improvement 
“9 after 5 y 126 (70-210) mm.) in 19 patients, 34 mm. 


Females. 


Middlesex Hospital out-patients 58 (30-100) mm. 

Bedford College students 78 mm. 

Asthmatics, before breathing exercises 51 (25-85) mm. | Average improvement in 
. after ee <3 85 (40-140) mm. | 28 cases, 31 mm. 


Discussion. 


From the foregoing results it would appear that even in a small series of 
27 cases, wide differences in the response to respiratory tests may be found. 
For example, in the vital capacities the range was from 96 per cent. down 
to 35 per cent. of normal, with an average of 62 per cent. After treatment 
by breathing exercises the range was still wide (122 per cent. to 47 per cent.), 
but the average had increased to 80 per cent. of normal. Of the 5 patients 
(nos. 117, 74, 73, 90, 89) who failed to improve clinically after treatment by 
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breathing exercises, only 2 (74 and 117) had a reasonable capacity, i.e. 
over 76 per cent. of normal (they were originally 65 per cent. and 77 per 
cent. of normal). 

The reserve air, originally 0 to 177 per cent. of normal, with an average 
of 50 per cent., showed, after treatment, variations from 7 to 178 per cent. 
of normal with an average of 90 per cent. In the 5 patients who failed to 
improve clinically with breathing exercises, all except one (74) showed a 
similar lack of improvement in the reserve air. The reserve air therefore 
not only shows a greater improvement than does the vital capacity, but it 
is very closely connected with the clinical improvement. 

We were unable to measure the residual air in this series, as the methods 
prior to that of Christie entailed gas analyses of the alveolar air, which is 
difficult to obtain constantly in normal subjects, and quite impossible in the 
asthmatic. We consider that the reserve air figures are likely to give an 
indication of the residual air in these cases, the increase in the reserve air 
indicating decrease in the residual air. We would expect expiratory 
breathing exercises to decrease the residual air or functional emphysema, 
and to increase the reserve air in those asthmatics who improved clinically. 
This is what has taken place in 22 out of 27 patients, and suggests that the 
most important factor in the treatment of asthma by breathing exercises is 
to teach the patient to empty the chest, and so increase the reserve air. 
Unless he can do this, the asthma does not improve in spite of an increase 
in the vital capacity. 

The irregularity of the ventilation equivalent values noted by Moncrieff 
and others in asthma, has also been found in this series. This is not sur- 
prising when one considers the rapidity with which changes take place in 
the respiratory system of the asthmatic. Although we tried to obtain the 
analyses, in intervals free from asthma, even slight excitement during 
the test produced wheezing in some cases. The tables at the end show the 
clinical condition at the time of each experiment. In the cases in which 
there was slight wheezing, it will be seen that the ventilation equivalent 
values were normal in 5 and low in 1. In almost all these the value during 
an attack of wheezing was nearer the accepted normal of 2-5 litres than 
during the free interval. 

This fluctuation in the ventilation equivalent values, combined with the 
fact that although 18 were normal before treatment, only 16 were normai 
after treatment, has led us to conclude that as far as asthmatics are con- 
cerned, the ventilation equivalent for oxygen cannot be used as an indication 
of the clinical state of the patient. 

The inspiration-expiration time ratios were too irregular to be of any 
value. The treatment by breathing exercises at first tends to produce 
prolonged expiration. 

Observation of the movements of the diaphragm shows that the majority 
of those patients who learn to breathe automatically with the diaphragm and 
acquire control of it, improve clinically, whereas the others do not. 
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The results of the chest measurements are variable, but on the whole the 
chest expansion, especially at the epigastrium, increases in those cases which 
show clinical improvement. 

The mercury U-tube tests show gross deficiency compared with a series of 
non-pulmonary Middlesex Hospital out-patients. Even after treatment for 
six months, comparatively few of our cases (20 per cent.) reached this 
standard. The majority of cases which improved as regards their asthma, 
also show improved efficiency in both U-tube tests after treatment. These 
tests are therefore useful in asthma as an index of progress rather than as 
an index of the degree of respiratory efficiency. 


Summary. 


1. Twenty-seven asthmatics have been investigated, before and after 
treatment by breathing exercises, to assess the effect of this treatment on 
the respiratory efficiency. The tests used have been the Knipping spiro- 
meter records, the mercury U-tube tests, the measurement of the chest 
expansion, and the radiological observation of the movements of the 
diaphragm. 

2. The most significant observation is in connexion with the reserve air. 
This figure was below normal in all cases, and increased to normal or above 
in most cases showing clinical improvement. 

3. Clinical improvement is found in those cases acquiring voluntary 
control of the diaphragm and natural diaphragmatic breathing (as opposed 
to breathing of the thoracic type). 

4. Clinical improvement is associated with increase in chest expansion, 
especially at the epigastrium, in the majority of cases. A minimum 
expansion of 2} inches at the 4th rib and 2 inches at the epigastrium must 
be attained. 

5. The ventilation equivalent for oxygen, the respiratory quotient, and 
the inspiration-expiration time ratio do not appear to be of much significance 
in assessing the respiratory efficiency in this series of asthmatics. 

6. The mercury U-tube tests are much below normal, and have not proved 
of much value in assessing the respiratory efficiency in this series. 


The work has been done by one of us (M. G.) under the tenure of The 
Hague Asthma Research Scholarship. Our thanks are due to Drs. J. H. 
Campbell and E. I. Jones, who performed the mercury U-tube tests. 








—— 
for = 


oxygen in litres. 


° © rv) 
° wm &§ 
Za DW 


Duration of asthma 
Complemental air. 
Reserve air. 

Vital capacity. 

% Normal. 

Normal (Dreyer). 
Wt. in kilos. 

Ht. in cm. 

O, used 

CO, given out. 
Vent. equiv. 


Tidal air. 


w 
rm 
p> 
& 


Clinical improvement. Great. 

5 18 M 15 = 31.3.33 2,000 3,613 93-6 
14.2.34 2,000 3,824 99-0 
26.11.34 2,060 3,710 91:8 


oa 
lig 
4) 
lig 


15.3.33 400 973 35-3 
19.7.33 900 1,856 67-0 


15.3.33 1,340 1,893 53-0 
19.7.33 1,200 2,307 64:8 
23.1.34 996 1,800 50-5 
13.7.34 1,340 2,500 70-0 


7.3.33 820 1,358 66-0 
25.8.33 960 2,213 108-0 
28.2.34 940 1,832 89-7 


8.3.33 940 1,529 43-6 
14.7.33 1,100 2,679 76-6 
7.2.34 1,210 2,335 66-7 


31.1.33 1,132 1,489 58-0 
26.5.33 1,600 2,089 80-9 
3.11.33 1,360 1,973 76-0 
27.9.34 1,925 2,850 110-0 


2.5.34 945 1,400 45-2 
6.12.34 850 1,632 52-6 


4 18.11.32 1,300 1,990 68-6 
2.6.33 1,440 2,107 72:6 
16.7.34 1,160 1,805 62-0 


17 24.1.34 1,760 2,666 96-0 
21.12.34 2,030 3,376 122-0 


24 30.1.33 850 1,709 69-7 
13.6.33 1,170 2,278 92:9 


31.10.34 y 1,074 700 2,500 102-0 


7.3.33 381 580 230 1,191 42:8 
14.7.33 385 500 =|400 1,285 46-0 
15.11.33 427 600 400 1,427 51:0 
7.3.34 388 530 260 1,178 42-5 


11.7.34 428 670 320 1,418 510 — 


* For explanation of abbreviations, see p. 301. 





—— 
= 


Clinical condition.* 





} 


Previous to 
experiment. 


Total ventilation. 
Insp. exprn. time 
At time of ex-» 
After one year 
of treatment. 


CO, % in exp. air. 
periment. 


CO, given out. 
Vent. equiv. for 
oxygen in litres. 
Respiration 
quotient. 

Minute volume. 
Duration of expt. 
Resp. rate. 


60,074 2-09 :1- F. Bad attacks 

88,592 2-11 :1- ‘ No asthma 

53,210 2-63 : F. Very well for 
months 


ae 
i 


35,334 2-21 
45,920 162 2:26 


Slight attacks 1/day 
Very well 


53,907 300 «21 

48,420 246 862-36 
45,780 249 2°62 
65,100 364 2-08 


No bad attacks 
No asthma 
Well 

Very well 


35,574 170 3-16 
26,150 246 3-42 
42,742 222 2-93 


Free for 2 weeks 
» » 5 months 
Br. and As. 1/month 


53,621 231 =1:89 
52,812 260 2:03 
58,800 333-232 


Attacks 1/day 
Very well 
Wheezing 1/day 


No attacks 
Very well 
Very well 
Very well 


44,400 230 863-46 
33,726 208 82-81 
32,400 263 «3-61 
35,875 295 3-77 


32,590 241 3-42 
49,028 218 2°64 


Noasthma2 months 
No A. or W. 9 
months 


58,480 470¢ 2-14 
25,685 279 3-09 
48,300 267 2-44 


Wheezy 1/day 
Free for weeks 
Very well 


59,694 222 8236 
60,840 268 2-01 


Occasional wheeze 
Very well 


Few attacks 

No attacks: bron- 
chitis 

No attacks or 
wheezes 


55,215 454 2-74 
32,004 222 3-48 


by Pad dad aft a 


45,738 226 862-75 


37,338 223 02-21 Sl. wheezing occa- 
sionally 
Very well 
Very well 
Sl. wheezing occa- 
sionally 
Very well 


31,800 : 180 235 ; 
32,879 238 3-90 3 i-k7 
29,876 244 = 3-43 : 1-68 


33,404 242 269 1:1:36 
+ L = Leaking. 








EE LS Lee ee 


we ead notte Seiad OS. abe 


Ee SA aS, 


Fi] 
i 
ty 
B 


xt 


i Saag eee Bt Se ke 


= 


NES PITS LI aN 


ar 


in i aed 


Pryor apemed mya 


ear reer eT 
Bain sn eh 


SAR AR ww ron get 
2 owner reney aos er 


oe ans 


wane tors 58s 





No. 


93 


64 


68 


Clinical improvement. 


$ Age. 


30 


= Sex. 


8 43 F 


125 


53 


Clinical improvement. 


72 


77 


81 


38 


88 


30 


41 


21 


32 


29 


46 


22 


F 


F 


F 


= 

€ 

a 

4 

s 

a) 

| my 

a 3 

~~ @m ° 

So h 3 

5> £2 8 

AS A = 

4 25.10.32 985 
26.5.33 1,549 
29.8.33 1,700 
17.11.33 1,000 

1.6.34 1,400 

20 2.6.33 573 
10.11.33 460 
25.5.34 536 

lit 0 «§631.238 335 
31.5.33 284 
15.11.33 360 
8.11.34 360 
29.11.34 354 

Moderate. 

17 1233 418 
12.7.33 542 

3 4.5.34 640 
21.11.34 767 

4 17.2.33 390 
21.7.33 490 
2.11.34 432 

Slight. 

16 28.10.32 445 
12.5.33 450 
13.7.34 500 
28.9.34 396 

18 24.10.32 430 
31.5.33 575 

8 10.10.32 500 
10.5.33 900 
21.9.34 756 

> 33333 425 
30.8.33 400 
19.12.34 450 

2 1s 270 
24.5.33 330 

20.12.33 305 


g Complemental air. 


1,600 


1,350 
1,480 
1,820 


930 
2,060 
2,750 


460 
680 
740 
920 
780 


1,560 
1,220 


1,460 


1,310 
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1,400 
1,170 


1,150 
1,480 


1,200 


1,320 


1,500 
1,450 
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944 
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1,200 
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1,200 
1,270 
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Reserve air. 


400 
1,020 


1,300 
670 
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270 
1,480 
860 
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450 
360 
520 
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360 
500 


500 
410 
500 
500 


400 
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75 
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220 
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750 
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4,169 
4,350 
3,150 
3,970 


1,773 
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4,146 


1,170 
1,414 
1,460 
1,800 
1,404 


2,338 
2,262 


2,105 
2,577 


1,790 
2,390 
2,102 


1,995 
2,330 


2,000 


2,076 


2,280 
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1,750 
2,070 
2,030 


1,775 


2,350 
1,740 


2,070 
2,200 


2,045 
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118-0 
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83-6 
86-0 
106°5 
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86-0 
83-9 
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78-5 
66-0 
88-0 
TUT 


74-0 
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74:5 
77-0 


61-0 
56-0 
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71-6 
70-0 
51:8 
68-6 
50°8 
82-0 
87-0 


81-0 


Normal (Dreyer). 
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2,004 


1,847 
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1,269 
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1,230 
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2:87 
3-41 
1-77 


1-05 
1:59 
2:27 
277 


215 
2.05 
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oo Respiration 
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0-54 
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0-46 
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0-66 
0:79 
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0-62 
0-44 


0-57 
0-76 
0:76 
0-86 
0-46 


0-43 
0-57 


0-74 
0°85 


0-53 
0-75 


0-57 
0-65 
0-78 
0-50 
0-58 
0-67 
0-66 
0-74 


0-84 


Minute volume. 


13,795 
13,941 


18,700 
11,000 
10,033 


8,595 
8,280 
9,648 


5,360 
3,976 
5,400 


6,372 


6,270 
6,504 


5,805 
9,557 


6,640 
6,370 
5,084 
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4,050 


4,000 


5,940 


8,190 
5,750 
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11,000 
8,694 


7,225 


6,570 
6,780 


7,320 
6,600 


7,320 


Total ventilation. 


82,770 
97,587 


93,500 
66,000 
90,297 


60,165 
57,960 
68,126 


53,600 
27,832 
32,400 


44,604 


53,295 
32,520 


40,635 
67,109 
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38,220 
35,588 
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28,350 
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41,580 


57,330 
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51,240 
46,200 


43,920 
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187 
281 


386 
254 


176 


214 
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287 
219 


284 


264 
265 


284 
215 
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2 % in exp. air. 
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2-03 
2-98 
3-41 
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216 
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21-4 
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Clinical condition.* 





At time of ex- 
periment 


a3 3 353 45 44 35 


eee! 


Previous to 
experiment. 


Wheezing p.m. 

No attacks. W. 
1/month 

Occas. sl. wheezing 

No W. for 1 month 

Free for 6 months 


Many attacks 
2 W. in 1 month 
No W. for 5 months 


Occasional sl. W. 
Free for 2 months 
1 attack in 8 months 


Very well 
Few wheezes 


Frequent attacks 
Very little asthma 


Well. 1/week 

Slight wheezes a.m. 

No attacks or W. 
Very cyanosed 


Slight attacks 
Bronchitis and 
asthma + + 
Attack this a.m. 
+1/day 
Attacks 1/day 


Daily attacks 
Attacks less 


Attacks 3/week 
1 attack last week 
W. occasionally 


Asthma and 
wheezing + 

Very well; few W. 

Shortness of breath 
2 attacks 


Attacks frequent 
Bad attack 1 week 


ago 
Attacks 2/month 


After one year 
of treatment 


+ 
to 


+4 


+4 


+2 


+2 


+3 


+1 


+1 


+3 


+1 


+1 
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g H ses p 
$ . a 5 im: 
@ s . > r 3 
% r=] 4 3} mR fe} ; ) 
s 2 3 3 a Q | ¢ ye 
S & = a = = id g . $k. = 
2 3 e $ 8 g S 7: « > Ie ¢ 
ea , ho a i od Re I & | d ‘% Be a 
. ‘ I © 3 o 3 3° E Sd 2 & 
$68e8> 282 &@ § 8 S & B&B &Ee wes OES 
ZA<win As A BE Oo a xs 4 F  S FS e 
Clinical improvewent. None. 
74 29 M 3 9.11.32 495 1,500 300 2,295 65-0 3,550 47-3 80-5 1,880 1,090 §B.57 9- 
2.9.33 584 1,650 470 2,704 760 — — — _ 1,308 1,149 R05 pi 
1.3.34 485 1,340 300 2,125 59-8 —_— _ — 1,651 1,222 #B8 0 
117 39 M 15 1.9.33 470 1,580 480 2,530 768 3,294 50:8 89-7 1,770 1,368 #276 0- 
12.2.34 500 1,600 400 2,500 759 — — —_ 1,776 1,389 ps6 0 
89 12 F 5 7.10.32 175 330 200 705 38-7 1,820 27-2 720 2,210 707 Ml4 0 
14.12.32 210 450 300 960 527 — —_-_ —-_ — = ee 
21.4.33 247 540 210 997 54-7 — _- — 984 707 B31 0 
90 43 F 28 6.10.32 260 1,100 250 1,610 53-0 3,037 54:5 88-5 1,800 1,185 B91 0: 
21.12.32 285 1,050 150 1,485 489 — —_- — —_ a yw 
21.4.33 300 1,030 100 1,480 470 — — — _ 1,323 884 R31 0: 
Clinical improvement. None with breathing exercise. Great with vaccine. 
73 30 F 30 13.10.32 310 1,200 150 1,660 53-7 3,090 60-4 87-0 1,710 845 
19.5.33 446 1,020 50 1,576 651-0 — — — 1,826 870 531 0. 


(Vaccine) . . 16.2.34 525 1,715 640 2,880 93:2 — — — 1,751 1,428 
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BLE MV (continued) 


Clinical condition. 





1) ° . . >) 
_&§ goood e —-% . 
$ ' 2 z@ oe 3 o # 
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5 Pi se © > = & ¢ A $ g S experiment. og 
‘h® Be CA a = il = : i) 32 * 8 ag © 
2 OL 3 = a, SB .5 Oo & 
Bees §€§ © BS BRS Be 5 == 
SBses © & ARS & FE Bh <5 
090 [es7 0-52 6,940 48,580 7 14 270 224 1:14 F. Attacks 1/day N.A 
149 05 (0-88 «=—7,592 53,1384 7 «13 «187 «2-16 1:1-45 F. Many bad attacks 
299 B83 0-74 «97,275 50,925 7 15 236 2:39 1:216 F. Attacks 1/month 
368 76 0-77 «6,110 48,880 8 13 221 28 1:17 F.(LP.) Few attacks _ 
338 ps6 0°78 «67,500 52,500 7 15 254 2-64 1:1:93 W.(I.P.) Attacks a.m. 
707 l4 0:32 4,180 25,080 6 24 368 2:82 1:15 F. Having attacks — 
— 69 — 5,670 — — 27 — — 1:13 *F. Several attacks 
707 p31 0-72 5,434 32,604 6 22 164 216 1:1:27 F. Many attacks 
185 991 0-66 4,900 39,300 7 19 257 3-45 1:1:57 F. Occasional attacks — 
ra es 5,125 — — 18 —_ — 1:15 £#F. Very well 
gga P31 066 5,100 30,600 6 17 220 2-88 1:1:56 F. Occasional attacks 
e452 0:49 3,270 26,000 7 12 244 3-25 1:1-82 F. Wheezing this a.m. ~ 
370 0-47 4,460 31,220 7 10 260 2-78 1:1-82 W. Attack 1/day 
49g eel 081 5,775 40,425 7 11 250 3:53 1:19 F. Well. Great im- +2 
| provement with 
vaccine 
Key to Abbreviations 
F, = Free. +4 = No attacks or wheezing for six months. 
W. = Wheezing. +3 = No attacks, occasional wheezing for six 
months. 
N. A. = Has not attended regularly fortreat- 4 9 _ Much improved: occasional attacks and 
ment. wheezing. 
I. P. = In-patient. +1 = Fewer attacks than previously. 


— = Failure to improve. , 
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Diagrams Illustrating the Results of Treatment by Breathing Exercises on the 
Vital Capacities of the 27 Asthmatic Cases in the Series. 


\VAITAL CAPACITIES 


N= NORMAL (DRevER) 1 = BEFORE TREATMENT 2,3.485 = AFTER TREATMENT 
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1. Cases with ‘good’ vital capacity (over 80 per cent. of normal) before treatment 
was commenced. 
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2. Cases with ‘ moderate’ vital capacity (50-80 per cent. of normal) before treatment. 
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3. Cases with ‘ poor’ vital capacity (below 50 per cent. of normal) before treatment. 
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A REVIEW OF RECENT WORK ON WHOOPING-COUGH ! 
By R. E. SMITH 


For children under fifteen the mortality of whooping-cough at present is 
equal to that of measles, and is slightly larger than the combined rates of 
diphtheria and scarlet fever (1). The average number of cases for London 
is estimated at 40,000 (2). In some years it is responsible for 2,000 to 3,000 
deaths in England and Wales (3), and about 6,000 deaths in U.S.A., of 
which half are in children under one (4). Probably no disease gives rise to 
a greater number of sequelae. In a school or a household it may be well- 
nigh impossible to cope satisfactorily with the contacts. The incidence 
compared with other infectious diseases is greatest in the early years of 
life, especially before the age of two. The table below represents the age- 
incidence in notified cases in Holborn 1921-8, Greenwich 1919-29, Batter- 
sea 1925-30, and Wandsworth 1926-8 (5); in boys leaving Rugby School 
from 1931-5, as ascertained from their clinical history (6), and in children 
attending Great Ormond Street Hospital (7). 


TABLE I 
15,283 notified cases in 513 boys leaving 1,000 children attend- 
Under four London Rugby School ing Great Ormond 
Boroughs. 1931-5. Street Hospital. 

1 1,657 14 170 
2 1,708 15 200 
3 1,713 23 120 
4 2,036 28 115 
5 2,377 34 120 
6 2,871 35 150 
7 1,656 44 55 
8 584 42 35 
9 228 28 15 
10 114 30 20 
10-15 225 97 10 
15 and over 114 1 —_ 


24 % not attacked. 


Incubation Period and Mode of Infection 


Stocks (5), from an analysis of the London figures, concludes that the 
incubation period may be as short as three days, but is usually a week. 
Funck-Hellett(9), from detailed observations of seven epidemics in a children’s 
home, believes it to be longer, usually ten to twenty days. After his initial 

1 Received January 16, 1936. 
[Q.J.M. New Series No. 19] 
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cases occurred, nurses listened specially for the onset of coughs in the con- 
tacts (9). My figures from 12 cases (see Appendix), where it was possible 
to estimate the incubation period, support Stocks’s view, but the insidious 
onset makes it difficult to determine the onset precisely. In the experi- 
mentally produced disease in two boys, the incubation period was seven days 
in both (11). 

The usual mode of infection is from active cases early in the disease. It 
is admitted that carriers exist: Blatt (8) reported positive cultures from 
three children who had never had whooping-cough nor developed it, and 
from three who several years previously had had it but did not develop a 
second attack. As subsequently stated, Kristensen failed to discover H. per- 
tussis in the expectoration of 500 healthy persons, or from 202 suffering from 
various respiratory affections (10). 


Clinical 

Like many other diseases, the classical description of whooping-cough is 
that of the worse cases, The initial catarrhal stage, which lasts on the 
average a fortnight, is followed by the spasmodic stage, which may last 
a month or more, depending largely on climatic conditions. The type 
which neither whoops nor vomits is very common, especially in adolescents 
and in the summer months. In a school of 600 boys, during June and July 
of 1935, 26 cases occurred from 130 unprotected by a previous attack. 
Whooping-cough was suspected when, for no apparent reason, a boy suddenly 
developed a cough described variously as a tickle, a series of spasms, or the 
remains of a cold. As the weather was extremely mild there were no ordinary 
colds, and every boy was kept under observation until the diagnosis was 
confirmed or disproved. It was often possible on clinical grounds to do this, 
but the bacteriological findings were of great value in confirming the dia- 
gnosis. Of the twenty-six whooping was noticed only in five, feebly in one on 
the 22nd to 25th day of disease, definitely in one on the 18th to 22nd day, 
and on a single occasion in two others. One of these two vomited first on 
the seventeenth day and during convalescence at home. The fifth whooped 
practically every hour from the eighteenth to the twenty-second day, and 
vomited twice on the twentieth at the end of coughing. All five had posi- 
tive sputum. At the beginning of the illness, boys counted the number of 
coughs throughout the day every few days, and later at about weekly inter- 
vals. They were surprised to find they were coughing about six times an 
hour even in the early days. The maximum was usually reached in seven 
to fourteen days. The greatest number registered was 117 from 10 a.m. to 
7 p.m. by the boy whose cough plates were still positive after three weeks. 


Bacteriology 


There can be no reasonable doubt that H. pertussis is the causative 
organism of whooping-cough. The small number of people who, arguing from 
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the analogy of influenza (a virus disease with superimposed invaders such as 
B. influenzae and streptococci), maintain that whooping-cough is also a virus 
disease with H. pertussis as a secondary infection, is rapidly diminishing. 
It is never a normal inhabitant of the nasopharynx as is B. influenzae (9), 
which has been shown to be present in the throats of a large proportion of 
healthy boys (13). Kristensen, in the examination of the expectoration of 
500 healthy persons, did not once discover H. pertussis, nor in 202 who 
suffered from various respiratory affections, but in 301 who lived in contact 
with whooping-cough for one week, there were nine positive tests, all of 
whom subsequently developed whooping-cough (10). The serum of patients 
convalescent from whooping-cough contains complement fixation substances 
against H. pertussis, and the disease has been produced experimentally in 
human volunteers (11). Four healthy brothers, two of whom were twins, 
had never had whooping-cough. Two of them, aged 8 and 9 respectively, 
were vaccinated by Sauer’s method (12a), (126). The two others, aged 6 and 
8, were not. On 24 June, 1933, a cough plate with Bordet’s medium was 
exposed to a child suffering from typical whooping-cough. Three days 
later smears were made, and from this a pure culture of H. pertussis was 
made. One half was suspended in 7 c.c. of physiological saline, and after 
shaking passed through a Chamberland L3 candle. Ten minims of the 
culture filtrate was instilled into the nose and throat of each boy on 1 July. 
At the end of eighteen days no symptoms had appeared. A second genera- 
tion of bacilli were obtained from the other half, which had been meanwhile 
refrigerated, and mixed with 5 c.c. sterile physiological saline. A suspension 
was made to contain 800 bacilli approximately per c.c. and 140 bacilli were 
instilled into the nose and throat of each on 19 July. The two vaccinated 
remained free. Their cough plates were repeatedly negative and their blood 
counts normal. 

The two unvaccinated began to cough on 26 July. Their cough plates 
were strongly positive from 26 July to 6 August, and after that repeatedly 
negative, although the symptoms, which were severe, did not abate until 
20 August. Blood counts were typical. On 30 August the serum from all 
four boys and two persons known to be immune gave strong positive com- 
plement fixation tests, but it was negative in two others who had not been 
immunized naturally or artificially. All the evidence points to the opinion 
that filter-passing organisms play no role in the aetiology, but that the 
disease is caused by the bacillus of Bordet Gengou. The active immunity 
caused by the vaccine will be discussed later. 


Diagnosis 
The diagnosis of whooping-cough in its late stages presents no difficulties. 
It is in the early days, when decisions are important, that uncertainties 
may arise. The cough-plate method, described in detail by Gardner 
and Leslie (15), which, in the public health departments of the States of 
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America, has become almost a routine, provides a reliable, fairly quick con- 
firmatory test. Gardner and Leslie, after giving an account of the medium 
in detail, give the following instructions in the use of the Petri dishes : 


‘When a natural attack of coughing starts, remove the glass lid of 
one of the dishes and, holding the dish about six inches away, allow the 
patient to cough for about ten to fifteen seconds on to the surface of 
the red jelly. No sputum (phlegm) must be coughed on to the surface, 
otherwise the plate will be spoilt. The invisible cough droplets are 
quite sufficient. Replace the lid at once. Do the same with each of 
the dishes provided. If the patient has no long attacks, but only 
a short sharp cough occasionally, use each dish three or four times. 
Artificial coughs, done on purpose, are useless. Keep the dishes in 
a cool dark place when not in use, and return them as soon as possible 
to the laboratory ’ (15). 


In Denmark aluminium dishes are used when packages are sent by post, 
and from personal experience I can say that, however carefully glass dishes 
are packed, breakages will occur. 

The Appendix shows in detail the bacteriological findings in my small 
series, and it will be seen that in the early stages they vary very little from 
other larger series recorded in Table II. The method used in all was the 
cough-plate method. Kristensen examined the secretion from the larynx in 
109 cases, but found no advantage in this method (10). Kendrick and 
Eldering, analysing their results over four months, found that 23 per cent. 
gave positive cultures within forty-eight hours, 75 per cent. during seventy- 
two hours, and 91 per cent. within ninety-six hours (16). 

From these figures it will be seen that confirmatory evidence of the 
diagnosis can be obtained from bacteriological examination in approximately 
75 per cent. of cases in the first week. The latest figures (from Canada) are 
much higher (18). It will be seen from the clinical history in the Appendix 
that even with minimal attacks the cough plate is positive in a high propor- 
tion. The diagnosis was questioned in only one case. The mother of 
Case 15 could not believe her son had whooping-cough, as the cough was so 
mild, but its persistence, frequency, and character were typical. Without 
the bacteriological confirmation there would have been difficulty in persuad- 
ing other parents of the true nature of the illness. The cough plates from 
three boys and the cook who had suspicious coughs—which, however, cleared 
up quickly—were negative. The tests must, of course, be used in conjunc- 
tion with the clinical observations. 


Length of Infectivity 


In the past the criterion of the length of infectivity has varied consider- 
ably. In this country the Medical Officers of Schools Association advises 
that the quarantine for patients should be until the characteristic spasmodic 
cough and the whooping have ceased for at least two weeks; or, in cases of 
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persistent whooping, for not less than four weeks from the commencement 
of the spasmodic cough. In a Memorandum on Closure and Exclusion from 
School, issued jointly by the Ministry of Health and the Board of Education, 
the quarantine is six weeks from the commencement of the cough. In Den- 
mark children are allowed to return to school four weeks after the com- 


TABLE II 
Gardner Kendrick Sauer Silver- 
Sutin Madsen and Kristensen and and thorne and 
: (14). Leslie (10). Eldering Hambrecht Fraser 
(15). (16). (17). (18). 
Total 914 47 2,144 — 200 198 
PERCENTAGE POSITIVE 
ist week 75 75 247 outof 378, 9loutof116, 52o0utof 53, 63o0utof64, 
i.e. 65% i.e. 78% i.e. 98% ie. 98% 
(catarrhal 
phase) 
2nd ,, 57 67 486 out of 837, S80outof 125, — 43 outof 54, 
i.e. 58% i.e. 64% i.e. 79% 
3rd_siy, 61 15 231 outof441, 58 out of 94, TOoutof107, 9 out of 45- 
i.e. 52% i.e. 62 % i.e. 65% i.e. 20% 
(spasmodic 
phase) 
4th ,, 45 25 84 out of 210, 25 out of 79, — 3 out of 16, 
i.e. 40% ie. 32% ie. 18% 
5th_,, 40 0 35 out of 104, 10 outof 66, 0 out of 40, 0 outof 17, 
i.e. 34% i.e. 15 % Le. 0% i.e.0% 
(phase of 
decline) 
6th and 9 0 13 out of 174, 1 out of 31, — 1 out of 2, 
later i.e. 7-5 % 1.0. 3% i.e. 50% 
weeks 


mencement of the spasmodic stage (14). Table II, showing the low percentage 
of positive cough plates in the 5th and 6th weeks of the illness, supports the 
procedure of the past. 

These periods are arbitrary and should not apply individually. This 
opinion is derived from performing ‘discharge’ or ‘release’ tests on the 
majority of the cases in the epidemic observed recently. These are sum- 
marized in the Appendix. It is pertinent to state that the weather was 
exceptionally good throughout. On discharge Cases 12-26 did not mix 
immediately with non-immunes, whereas Cases 1-11 did. There were 
approximately one hundred boys in the school, scattered in various houses 
and forms, not previously attacked, but although no other precaution was 
taken than the discharge tests and giving instructions to the boys not to cough 
in front of others, no cases arose in the contacts. On the average the boys 
were discharged a month after the commencement of the cough, thus saving 
twelve to fourteen days on the usual quarantine period. These discharge 
tests would not have been possible without the active co-operation of 
Dr. A. D. Gardner. The same technique for cough plates was used in the 
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discharge tests as in the diagnostic tests. The only boy that was positive 
after three weeks was No. 10. This was to be expected by his clinical 
symptoms and signs. It is possible that the discharge tests were negative 
earlier in the disease in several of the other cases. 

No doubt the mildness of the weather contributed largely to the satis- 
factory results, which may not be repeated in a similar series during the 
winter months. Nevertheless, the discharge tests should form a useful 
adjunct to clinical findings, especially when return to business or to school 
is an important consideration. 


Vaccine Prophylaxis 


The reports of the value of whooping-cough vaccine in the past, both in 
prevention and treatment, have been most contradictory, and it is therefore 
not surprising that recent research work has shown that vaccines containing 
the same number of bacilli vary considerably in antigenic value. As early as 
1910, Bordet and Steeswyck (19) showed that the same serum had different 
agglutinating properties on cultures grown on agar and on blood (19). 
Recently this work has been elaborated, and it is now possible to classify 
the organisms into four phases, all of which are interchangeable by cultural 
methods, with the possible exception of Phase IV organisms, which are old 
bacilli long accustomed to growth on agar (2) (20). The results of experi- 
ments on guinea-pigs, although not absolutely consistent, indicate that for 
human prophylactic vaccination Phase I vaccines, which are those grown on 
Bordet’s medium from recently isolated cases, are more promising than those 
made from old cultures. The essential difference between Bordet’s medium 
and others is the presence of blood. The Danes, who have done much 
pioneer work in the prevention of whooping-cough, have always used fresh 
vaccines grown on slightly modified Bordet’s medium, whereas in this country 
stock vaccines have been used. Parke Davis’s vaccine in 1931 was shown 
by Gardner to be in Phase III (20), but since then they have used Phase I 
organisms. It is probable from Gardner’s work that Phase I organisms can 
be successfully reproduced for eighteen months at least by correct cultural 
methods (20). 

It has also been shown in eight different preparations stored at 8-10° C., 
which were tested periodically for four and a half years, that the antigenic 
potency varied little, as measured by the power to stimulate specific anti- 
bodies in rabbits (21). These facts show that there are no great difficulties 
in preparing a suitable vaccine, and that in judging the value of vaccines 
we should discard from criticism those series where it is not possible to be 
reasonably sure that suitable organisms were used. 

Sauer (126) has advised large doses of vaccine prepared from recently 
isolated cases and grown on Bordet’s medium. His technique is to give 
1 c.c., 1:5 ¢.¢., 1-5 c.c. of a preparation containing 10,000,000,000 per c.c. in 
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each arm at weekly intervals (i.e. total of 80 billions). He prefers the blood 
in the medium to be human (12a). In a small series he gave 0-7 c.c. of 
vaccine containing 50 billions per c.c. in each arm, but as 20 per cent. 
developed a local sterile abscess he reverted to the old routine. 

His results are summarized below : 





No. of sus- No. of acci- 
Series. ceptibles — Roa - —— dental ——— 
injected. Be. nial ; exposures. P ‘ 
1928-9 109 28 months 9 87 0 
1930 94 is 4 7 44 0 
1931 88 4, 8 27 0 
1932 103 oa 5 4 0 
Total 394 18s, 29 162 0 
1933 85 Se ss 0 0 0 


Thirty-one control children in twenty-four of the families studied con- 
tracted typical whooping-cough, as proved by cough plates, blood counts, 
and the nature of the cough. In one family an uninjected child contracted 
whooping-cough, although one vaccinated three years before escaped ; and 
in another family, twin girls (controls) contracted the disease, whereas a 
younger sister who was injected four years previously, when aged nine 
months, escaped. The injected children were exposed daily throughout the 
incubation, catarrhal, and paroxysmal stages. Sauer states that at least 
four months should elapse between vaccination and exposure, but gives no 
reason for this opinion. However, he describes one case of a girl vaccinated 
after recovery from measles in January 1932 who, three months later, con- 
tracted whooping-cough from a brother. He attributes the absence of 
immunity to the measles and the short interval (12a). A summary of the 
above figures with minor unimportant additions was republished in 
1935 (12 ¢). 

Sundal (22) describes an epidemic in a children’s home in Oslo. Twenty- 
two of thirty-two children had not had whooping-cough. Two children 
who began to cough had positive plates, and a vaccine containing one billion 
organisms per c.c. was prepared from their organisms, and given to them 
and to the remaining twenty. At first they had 0-5 c.c. followed by two 
more doses of 1 c.c. at four-day intervals. They were not isolated, but ate 
and played with the others. The two developed marked whooping-cough, 
with vomiting just after the last injections. Four of the others, between 
one and two weeks after the last injection, developed conjunctivitis and 
cough, but did not whoop. The other sixteen remained free. 

Madsen’s work (23) has been carried out in the Farée Islands. Fresh 
strains grown on blood-agar have always been used. The dosage given is 
weekly injections of 0-5, 0-7, and 1:0 c.c. of a vaccine containing 
10,000,000,000 bacilli per c.c., a total of 22 billions. Two deaths have 
occurred in Denmark, one in a child a few days old, and the other in a -pre- 
mature infant of five months.. 
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The figures for the Farée Islands are : 





1923-4. 1929. 
/ (ipa aaa nis HR, | 
: 405 non- 1,832 446 non- 
450 vaccinated. vaccinated. vaccinated. vaccinated. 

Not attacked — — 458 8 
Mild cases 410 275 1,336 225 
Moderate cases 35 90 29 170 
Severe cases 4 27 8 35 
Fatal cases 1 13 1 8 


Vaccination was completed just before the epidemic in 1929. Frawley 
(24 a and 6b) has used undenatured antigen (i.e. vaccine which has not been 
killed by heat or chemicals, but has had the bodies of the bacilli broken up 
mechanically and the cell debris and remaining live cells removed by ultra- 
filtration (24a). Human blood was used in the medium. Children in five 
public schools in Fresno, U.S.A., were given 0-1 ¢c.c. intracutaneously and 
0-1 c.c. subcutaneously on the first injection, and 0-1 c.c. intracutaneously 
and 0-5 c.c. subcutaneously on the second injection, and 1-0 c.c. sub- 
cutaneously at both the third and fourth injections. 1 ¢.c. contained the 
equivalent of 7-12 billion bacilli, approximately a total of 28 billions. Out 
of 345 vaccinated in January to February 1933 who had not been previously 
exposed, seven contracted mild, twenty-six moderate, and twenty-seven 
severe whooping-cough. The first case was on 6 June. Cough plates were 
taken whenever there was any cough. Later he reported a series of 505 
children given 8 c.c. (four weekly injections of 2 c.c.) of undenatured antigen, 
each c.c. being equivalent to a billion organisms in Phase I (246). Eighty 
of these were subsequently exposed to whooping-cough, 49 (of whom 33 
were exposed at school and 16 at home) were unattacked, and 31 were 
attacked. In 25 the paroxysmal stage lasted less than a week, in 5 from 
1 to two weeks, and in 1 over two weeks. In 174 unselected controls the 
paroxysmal stage lasted less than one week in 9, from one to two weeks in 
49, and more than two weeks in 116. 

Lastly, there is the neat but small experiment of the Macdonalds (11) 
previously quoted, in which two brothers were vaccinated and two not 
vaccinated. All were given approximately 140 bacilli into the nasopharynx. 
The vaccinated escaped, but the others had typical attacks. 

Besides these clinical experiments, there is evidence from serology to sup- 
port the usefulness of vaccines. As early as 1916 Chievitz and Meyer (25) 
tested the complement fixation reaction in 112 cases of whooping-cough. 
This was mildly positive by the end of the 2nd week and was at its 
maximum from the 5th to the 7th week, after which there was a slight 
decline. 

Miller (26) and others have shown that besides the complement fixation 
antibodies, agglutinins, and precipitins are present in the blood of children 
who have received the undenatured extract of H. pertussis, prepared as 
previously mentioned, and these were still present in the majority of cases, 
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when tested sixty-four days after the last injection. It has also been shown 
that serum taken after inoculations with freshly isolated strains have a high 
agglutination titre against its homologous strain, but a negligible one against 
old heterologous strains or fresh strains acclimatized to media without 
blood ; and that ‘old isolated strain’ serum has a low titre against the 
homologous strains, and a still lower against freshly isolated strains (27). 

No doubt the contradictory results of the past were due to difference in 
antigenic value of the vaccine; and the reports of failures will not assist in 
the introduction of a new modification. Nevertheless, the numerous series 
quoted above leave no doubt of the usefulness of vaccines. Sauer’s figures 
for five years are impressive. Madsen (23) had the advantage of forming 
conclusions from observing an experiment on a community where the condi- 
tions of the vaccinated and the controls must have been as nearly identical 
as possible. His statistics testify to the benefit of vaccine prophylaxis ; his 
dosage was about one-third that of Sauer. Frawley (24a), who strongly 
advocates using undenatured antigen, in approximately the same dosage as 
Madsen, reports encouraging results. Sundal, working in a children’s hospital, 
is also convinced of its practicability. The Macdonalds showed that vaccine 
prophylactics prevented the experimental production of the disease in two 
boys, whose unprotected brothers were attacked. 

There seems no reasonable doubt that a total dosage of 20-30 billion 
organisms will give protection to a large majority of children and modify 
very favourably the course in the attacked. With a total dosage of 80 
billions, the chances of protection are much better. With these large doses, 
it is essential to use human blood in the culture media, to minimize reactions. 
It is difficult to recommend at what age the vaccine should be given, but 
the liability to infection at an early age is a strong argument for administra- 
tion sometime between six months and two years. Finally, it must be 
repeated that the vaccine should be prepared from Phase I organisms. 


Treatment 


In the past, treatment has largely been palliative, which is indicated by 
its diversity. Many claims have been made for vaccines in treatment, but 
when it is not possible to be certain that Phase I organisms were used they 
must be neglected. Many such statistics have been published from Germany. 
Recently the advances in our knowledge were reviewed, but the authors 
stated that it was a waste of time to recapitulate the figures which were so 
contradictory. They realized the importance of fresh vaccines and proved 
their increased antigenic power (28). Torres-Umana (29) reporting very 
careful observations from Spain, showed that autogenous vaccines were 
more effective than stock ones. His best results were obtained with large 
doses, even up to 7,000 millions. The best results were obtained when the 
vaccine was given in the incubation period. Although Barenberg (8) came 
to the conclusion that prophylactic inoculation was useful, he was equally 
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emphatic that therapeutic administration was valueless (30). Sauer (12 a) 
whose striking figures have already been quoted in favour of immunization, 
also regards vaccinations during the course of the infection as useless. 
Between 1925 and 1928 he gave one hundred whooping-cough patients and 
exposed susceptible children (i.e. in families with pertussis) three injections 
at four-day intervals of 0-5, 0-7, and 1-00 c.c. of vaccine containing 1,000 
millions per c.c. The only death was an infant who contracted broncho- 
pneumonia during the second week after the injections. This series was 
compared with a hundred non-vaccinated infants under as nearly as possible 
identical circumstances, and he could find no mitigation either in the mild 
or severe cases attributable to the vaccine (12a). Stallings and Nichols (31) 
used as a criterion of good results the abatement of severe symptoms within 
one week, or fair results within two weeks, and of poor results abatement 
over two weeks. Usually the dose given daily was 0-1 c.c. initially in- 
creased by 0-1 c.c. to a maximum of 1 c.c. or 0-25 c.c. initially increased by 
0-20 c.c. every second day to 1-0 c.c. repeated alternative days until 
symptoms abated. 1 c.c. contained the equivalent of 1,000,000,000 bacilli. 
In 122 patients in the catarrhal stage the results were good in 96 (87-7 per 
cent.), fair in 17 (13-9 per cent.) and poor in 9 (7-4 per cent.), and in 110 
treated in the paroxysmal stage the results were good in 84 (76-4 per cent.), 
fair in 17 (15-4 per cent.), and poor in 9 (8-2 per cent.). Practically identical 
figures are obtained for 110 similarly treated in the paroxysmal stage. No 
control series was available, and without knowing more about the climatic 
conditions, &c., it is impossible to assess their true value. 

Sauer’s figures are the only ones where there was a properly controlled 
series, and he was against the therapeutic vaccine, as was Barenberg, and 
it appears on the evidence that when it is realized that good results tend to 
be published more often than poor ones, no case has been made out for Phase I 
organisms in treatment. Indeed, it may ruin the chance that prophylactic 
vaccine has of proving its worth if false claims are made for its therapeutic 
value. 

Animal serum. In all but two instances, human convalescent serum has 
been used. Stern (32) inoculated calves with special strains of H. pertussis 
vaccine. Although the venesection was stated to be performed at optimal 
times, no details were given of this or of the dosage. Twenty cases which 
were treated in hospital with 40 c.c., half into each vastus externus muscle, 
rapidly improved. The whoop abated quickly and the vomiting ceased. 
If the improvement was not considered satisfactory a further 20 c.c. was 
given. In addition, he gives detailed acounts of 5 cases from his private 
practice. Three of these who had had very bad attacks for eight weeks were 
children of a doctor. Serum given at the end of October 1920 had dramatic 
results, which the father attributed to the serum. The other 2 cases were 
in earlier stages, and were given serum in November and recovered within 
fourteen and eight days respectively. He states that Violi of Constanti- 
nople, at a Medical Congress in Moscow in 1897, advocated using calves’ 
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serum. More recently (33) a serum has been prepared by inoculating cocks 
with massive doses of live virulent H. pertussis. This caused little serum 
sickness in the recipients, and it is stated that it appeared to be of some 
value in treatment, although no detailed evidence is given. It is highly 
probable that in future animal serum for whooping-cough will be completely 
replaced by human convalescent serum as has happened in the case of measles. 

Human convalescent serum. Observations on the value of human con- 
valescent serum can be divided into two categories: those which deal with 
a few cases, and those which deal with larger series. 

Bleyer (38) treated forty-five children with serum. These were divided 
into three equal groups: the first group received serum from patients who 
had whooping-cough within three months: the second from those who had 
had it at remote intervals: and the third from those who had never had it. 
40-125 c.c. was given in two to four doses within one week. In the first 
group, averaging one year and eight months in age, there were no serious 
complications ; in the second there were two cases of pneumonia, both of 
which recovered, and in the last group there were also two cases of pneu- 
monia, one of which was fatal. 

Lesne and Petot (39), using whole blood from patients who had had 
whooping-cough within a month, but who had whooped not more than once 
or twice a day, failed to find beneficial effects on the cough, despite ten to 
twelve injections of 10 c.c. daily, but three children, aged 3, 1,3, and 14, who 
had bronchopneumonia with high fever, cyanosis, dyspnoea, &c., and were 
critically ill, rapidly improved after three injections of 10 c.c. of convalescent 
serum. 

Gillot (40) gave six infants 2-5 c.c. of their parents’ blood before the com- 
mencement of the catarrhal stage. These all escaped, and five infants who 
were similarly treated during the catarrhal stage had benign attacks. It 
was not known whether the parents had had whooping-cough. 

Brown (41) treated twenty-eight children under three years of age by 
giving them 20-35 c.c. of adult whole blood subcutaneously or intravenously. 
Of six who received whole blood before the beginning of symptoms and 
within seven days of exposure, none developed the disease. Of seventeen 
who received it during the catarrhal stage (seven or less days from beginning 
of cough), eight were entirely free within two weeks, one within five, and one 
within six, and one was not benefited at all, his illness lasting for two 
months and being very severe. Those who received blood later did not 
benefit greatly. 

In 1924-5 Jundell (42) treated in Stockholm twenty-four children with 
serum. The donor was usually the patient’s mother, but occasionally was 
another adult. In several instances it was stated that the mother had not 
had whooping-cough. The blood was obtained by venesection, centrifuged, and 
the supernatant serum injected subcutaneously in doses of usually 30—40 c.c., 
repeated once or twice if necessary. Ten cases who were in the catarrhal or 
incubation stage remained in contact with the source of infection. Serum 
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from those who stated they had not had whooping-cough appeared to be 
almost as effective as from those who had. In the majority of these 10 
cases it seemed to have a beneficial effect compared with the course in elder 
siblings, but Jundell considered the series was too small to draw any more 
definite conclusion. However, in 1933 (43), when Jundell referred to this 
previous work, he stated that ‘in 8 of these 10 cases the whooping-cough 
failed to appear: in two the disease was merely suggested’. The value of 
serum given to the remaining 14 was even more difficult to assess, but later 
(1933) Jundell stated that ‘in almost all, the disease was favourably 
influenced ’ (43). 

In 1934 he reported further work. He vaccinated his donors, who were 
usually parents, with 1-25, 2-5, and 3-75 billions organisms at five- to six-day 
intervals. By chance all had had whooping-cough. Venesection was per- 
formed the 5th day after 2nd and 3rd vaccination. Five children treated 
with 60-100 c.c. had much less severe attacks than four control siblings, two 
of whom were twin brother and sister to two in the injected series. 

In his first paper he was emphatic that the benefit could not be attributed 
to the fact that the donor had had whooping-cough, but it is extremely 
difficult to believe that a mother can remain in contact with an active case 
without contracting the disease unless she is immune. It is quite possible 
to have a mild attack in early childhood, the true nature of which is over- 
looked. 

In his summary of his recent paper he advises inter alia limiting serum 
treatment to children under 2 in the incubation, catarrhal, or early spas- 
modic stages ‘ who have been exposed to long standing and intense contagion 
from older children’ who should form a control series. 

Paterson et al. (44), working at the Westminster Hospital, London, from 
1934-5, gave convalescent serum in doses of 5 to 25 c.c. to 25-30 consecutive 
cases. No apparent improvement occurred in the clinical condition as judged 
by the number of whoops or the total period of illness. Although the severity 
of the disease and the time of injection varied considerably, none developed 
complications or died. 

Zérathe (45) treated seventy children exposed either in a family or in the 
neighbourhood with subcutaneous injections of whole blood during various 
stages of the disease: five were under three months, fifteen from three 
months to a year, twenty-six from one to three, and twenty-four over three 
years. This dose was approximately 1 c.c. per year of age. Of thirteen 
children given injections during the spasmodic stage, three had complica- 
tions, with one death; eight had the ordinary type of the disease, one had 
a slightly modified form, and one had a mild form. Among thirty-three 
injected during the catarrhal period, thirty-one had a mild form, while 
twenty-four given injections before the period of invasion did not have the 
disease. Fifteen of this group were exposed to the disease in the same 
family. He also reports on the use of this method in two outbreaks in 
hospitals. In the first, twenty-five exposed children were given blood: 
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twenty-three of these were during the period of incubation and were all 
completely protected. In another group, five exposed children were treated 
and completely protected. 

Costa (46), during an epidemic in August 1929, used convalescent serum 
and whole blood (from parents) in twenty-one children, chiefly under three 
years of age. The dose varied from 1 to 6 c.c. Exposures, both in the 
family and outside, were observed. He concluded that blood is particularly 
indicated as a prophylactic, and that as a form of therapy it is of inestimable 
value, depending on the dose and on the time of the injection. 

Csagoly (47) gave seventy-one children from 6 to 10 c.c. of blood, taken 
chiefly from parents, but in a few instances from others in immediate con- 
tact with the children. Three received convalescent serum, forty-nine 
received maternal and eight paternal blood, seven blood from a brother or 
sister, and four from some one else. The duration of the cough was less 
than one week in thirty-two, less than two weeks in thirty-four, and over 
two weeks in five. He concluded that injections of blood constituted a very 
efficient form of therapy, and that they should be given during the first week 
of the illness. 

Schimada (48) used intramuscularly injected blood in the treatment of 
twenty patients with whooping-cough and pneumonia in Japan. He re- 
ported that the mortality in the group was reduced from the customary one 
of 67-6 to 45 per cent. 

Bradford (49) carried out a full investigation to determine the value of 
convalescent serum and of whole immune blood in the prevention of whoop- 
ing-cough. Fifty-eight children, mostly under three years of age, were given 
injections either of 10 .c. of serum taken in the eighth week of convalescence 
or of 10 to 20 c.c. of whole blood taken from a parent who had the history 
of a previous attack. Forty-four of these were obliged to remain in families 
in which there were one or more cases: twenty-seven of this group received 
the injections during the catarrhal period: fifteen developed the disease, 
and in ten of these it was mild and there was only one complication (tonsil- 
litis). Of twenty children who acted as controls, eight had a mild form of 
the disease, eight average, and four severe. Complications developed in four 
(otitis, bronchitis, and bronchopneumonia). 

The results with small groups are uniformly satisfactory. Equally good 
results were obtained with serum and with whole blood. The reports of larger 
series are also encouraging. Much bigger doses were given therapeutically 
than prophylactically. Bleyer’s figures indicate that the shorter the interval 
between obtaining serum and the recovery from the disease, the more effec- 
tive is it. Lesne and Petot could detect no improvement in the cough, but 
were favourably impressed with its benefit in three cases of bronchopneumonia. 
Brown, using adult blood, had satisfactory results, as did Gillot in a small 
series in which it was not known if the parents had had whooping-cough. 
Waller was doubtful of its value. 

Jundell, on reflection, also thought that serum had a beneficial effect. 
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Zérathe, working in Gillot’s clinic, had most satisfactory results, especially 
with those who were treated early. Costa thought it was of inestimable 
value, and Csdgoly found it a very efficient form of therapy. Schimada’s 
figures dernonstrate the severity of whooping-cough in Japan, and indicate 
some value in serum. Bradford’s investigation was carried out with the 
specific purpose of determining the worth of serum. The control series 
certainly suffered much more severely than the inoculated. 

Practically every author advises the administration of serum as early as 
possible in the disease. As the disease advances the dose of serum must be 
increased, and in the later stages it is doubtful whether it is of any avail. 
The similarity between it and convalescent measles serum is very close. 
From the series quoted it is justifiable to adopt as a working rule 10 c.c. of 
serum (or double the quantity of whole blood) as the prophylactic dose (see 
later), and 20 c.c., repeated once if necessary, in the early catarrhal stage. 
The donor, for preference, should be a parent. 

We must, however, try to determine a more accurate dosage, the optimal 
time after recovery to take blood from a donor, and the optimal day of 
disease to give it in the recipient, so that we can, with some degree of 
certainty, guarantee protection or attenuation, which will give permanent 
immunity. 

Serum prophylaxis. Numerous attempts have been made to prevent 
whooping-cough by the administration of serum to contacts, either before 
possible infection or in the incubation period. 

Debré (50) gave 2-3 c.c. of serum to eighteen children on 12 December, 
in a home where from 10 October till then there had been eighteen cases of 
whooping-cough, of which six were fatal. Four developed pertussis from 
15 to 17 December: the rest were protected. In a second series of eight, 
one was attacked (three days after injection) as compared with three out of 
six uninoculated: and in a third, only one out of fourteen was attacked. 
These were included in a later summary when he reported seventy-nine 
cases he had inoculated, only fourteen of which were attacked despite grave 
risks of infection. Gillot (40) gave six children 2-5 c.c. serum from donors 
who had had whooping-cough. Four were protected: two had mild attacks. 
Blatt (8) inoculated eleven infants as soon after contact as possible. Eight 
escaped infection: three had mild attacks. Lewis and Barenberg (52) gave 
30 c.c. to six children. They all, and a control group of eleven, were attacked, 
but the attack was of less severity in the inoculated. Jones and Kittredge 
(53) protected six out of fifteen with 5-20 c.c., whereas six out of eight in 
the control series were affected. Keresztini et al. (54) treated ninety-six 
contacts with 5-15 c.c. and had a control series of ninety, but no case arose 
in either group, as was to be expected, as all the patients were in cubicle 
wards. Paterson, who usually gave 10 c.c. serum, protected forty out of 
ninety-five children. In his controls, only six out of fifty-five escaped 
infection. I gave seven boys 10 c.c. of convalescent serum, followed by a 
vaccine of 1, 2, 4, 8 billions at weekly intervals (6). One of these was 
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incubating whooping-cough at the time of injection, which was typical three 
days after it. Nineteen out of 117 non-immunes, which formed a com- 
parable control series were attacked. I have given four children in a 
children’s ward in a general hospital 4 c.c. of serum, but they and four 
controls were not attacked. Zérathe (45) has reported excellent results 
(see p. 318). 

Before a patient is given serum, it is important to gauge what the risks 
are of contracting the infection. Keresztini’s figures (54) suggest it is 
negligible in hospitals where patients are nursed in cubicles or cubicle wards. 
Harries (55), working in a London Fever Hospital where the bed centres 
were at least 12 feet apart, had no cross infections from 23 cases who were 
admitted with another acute infection but who subsequently developed 
whooping-cough. However, the chance of infection from contact with other 
siblings living at home or in institutions where inmates meet more frequently 
and more intimately is very great. The series reported by Paterson and 
others are evidence of this (44). Their figures (after allowing for the standard 
error of deviation) are encouraging, especially as it was probable that many 
were inoculated in the incubation period. Jones and Kittridge’s series sup- 
port, but Lewis and Barenberg’s contra-indicate, the use of serum. My first 
series differs a little from the others in that serum therapy was followed by 
a course of vaccines. It is, however, probable that the serum was the more 
important preventative. Debré has been an enthusiastic and persistent 
advocate of its use. In his second paper, the percentage attacked, despite 
grave risks, was very small. Zérathe (45) has also published a large series 
strongly supporting the prophylactic use. As previously stated, much work 
needs to be done before a definite decision of the usefulness of serum can 
be made. Ten c.c. of human convalescent serum for prophylactic use as 
recommended by Paterson seems to be a good working rule. No doubt we 
shall know the agglutination titre against Phase I organisms of a particular 
serum supplied. Meanwhile, there is every justification for using a weapon 
which probably in a considerable proportion of cases prevents or favourably 
alters the clinical course of the disease. Provided that the usual precau- 
tions of asepsis and the Wassermann reactions are taken, there appears to be 
absolutely no risk. 


Summary 
1. The mortality, morbidity, and sequelae of whooping-cough make it 
the most important acute infectious disease of childhood at present. 
2. It is more liable to attack children under two than any other disease. 
The death-rate is highest for this age-group, but rapidly declines from two 


onwards. 
3. The incubation period is probably three to seven days, which is shorter 


than formerly supposed. 
4. All types of clinical manifestations are observed. Extremely mild 


forms may occur in the summer and in adults. 
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5. H. pertussis (also called the Bacillus of Bordet) is in all probability 
the sole bacterial cause. There is little evidence that a virus plays any 
part. 

6. The bacillus can be cultivated by the cough-plate method in over 75 per 
cent. of cases in the first week. After that there is a rapid decline in the 
positive cultures. 

7. By the cough-plate method it is possible with some degree of certainty 
to pronounce a patient free from infection after three weeks of illness. 
Several boys who returned to school a month from the commencement of 
the cough did not infect contacts. It is pointed out that this epidemic 
occurred in an exceptionally good summer. 

8. Freshly isolated organisms grown on human blood (the so-called Phase I 
organisms) are necessary in the preparation of vaccines. 

9. Prophylactic vaccination with these organisms in doses from 30 to 80 
billions at an early age is recommended. 

10. There is no evidence to show that vaccines are of any value in treat- 
ment, except possibly in the earliest stages. 

11. Numerous series, small and large, in which convalescent human serum 
has been used are reported, and from these it is concluded that it is of value 
in doses varying from 20 to 40 c.c. if given in the early catarrhal stage, but 
that later it is of questionable value. 

12. Ten c.c. of convalescent human serum is probably an efficient prophy- 
lactic dose for contacts, either before possible infection or in the incubation 
phase. 


I wish to thank Dr. E. A. Straker, who, working for the Committee of the 
Medical Research Council investigating School Epidemics, carried out the 
diagnostic tests; Dr. A. D. Gardner, who very kindly carried out the ‘ dis- 
charge’ and ‘release’ tests; and the Matron and Sisters of the School 
Sanatorium, whose willing co-operation made it possible to perform these 
tests. 


APPENDIX 
Whooping-cough 


Case 1. Aged 16. Admitted on the 3rd day. Discharged on the 28th. In- 
cubation period. Five days. Cough plates. Negative on the 4th and 9th 
days, and on the 22nd, 23rd, and 24th days. Clinical. A succession of 
small coughs lasting for six weeks ; temperature of 100 for two days. Follow- 
up. For seventeen days in contact in boarding-house with fourteen non- 
immunes. Four of these in same dormitory ; two slept on either side. 


Case 2. Aged 16. Admitted on the 2nd day. Discharged on the 30th. In- 
cubation period. Four days. Cough plates. Positive on the 5th day. Negative 
on the 29th, 30th, and 31st days. Clinical. Spasmodic cough accompanied 
throughout by catarrhalcold. Follow-up. In contact for seventeen days with 
fourteen susceptible persons, in same house. Three in same dormitory, two 
of whom slept opposite him. 
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Case 3. Aged 16. Admitted onthe 10thday. Discharged on the 34th. In- 
cubation period. Uncertain. Cough plates. Negative on the 12th and 15th. 
Negative on the 21st, 29th, 30th, and 31st. Clinical. Very infrequent 
cough after first week. Slept next two. Follow-up. In contact for eighteen 
days with same as 13. 


Case 4. Aged 16. Admitted on the 4th day. Discharged on the 27th. In- 
cubation period. Five days. Cough plates. Positive on the 6th day. Nega- 
tive on the 22nd, 23rd, and 24th days. Clinical. Had dry cough six times an 
hour at commencement. Temperature 99 once. Infrequent cough present 
for three months. Whooped repeatedly from 18th to 22nd day of disease. 
Follow-up. In contact with seven susceptible persons in house for fourteen 
days. One in same dormitory slept in next but one bed. Mixed freely in 
holidays with susceptible persons. 


Case 5. Aged 16. Admitted on the 14th day. Discharged on the 35th. 
Incubation period. Uncertain. Cough plates. Positive on the 16th day. 
Negative on the 21st, 23rd, and 30th days. Clinical. Had series of spasms 
with suspicious whoop. Had coincident chicken-pox. Follow-up. For 
twelve days in contact with seven susceptible persons in house, but only 
one in dormitory was separated from him by several beds. 


Case 6. Aged 15. Admitted on the 2nd day. Discharged on the 28th. 
Incubation period. Two to three days. Cough plates. Negative on the 3rd, 
and on the 22nd, 23rd, and 24th days. Clinical. Dry hacking coughs. 
Temperature 99 for three days. Follow-up. In contact with six susceptible 
persons in house for thirteen days. Four in same dormitory, but not in 
close proximity. 


Case 7. Aged 18. Admitted on the 4th day. Discharged on the 22nd. 
Incubation period. Unknown. Cough plates. Negative on the 5th and 16th, 
17th and 18th days. Clinical. ‘Soft’ spasmodic coughs lasting fifteen 
seconds at frequent intervals at commencement. Still coughed at end of 
two months. Follow-wp. Given 12 c.c. serum on 5th day. In contact for 
twenty-two days with the same susceptible persons as No. 6. 


Case 8. Aged 16. Admitted on the 4th day. Discharged on the 30th. 
Incubation period. ? Seventeen days. Cough plates. Positive on the 5th day. 
Negative on the 24th, 25th, and 26th days. Clinical. Remains of a cold. 
Usually had twelve bouts of these coughs daily at commencement. Jollow- 
up. In contact for fifteen days with the same group as No. 6. 


Case 9. Aged 14. Admitted on the 7th day. Discharged on the 30th. In- 
cubation period. Unknown. Cough plates. Positive on the 7th day. Nega- 
tive on the 22nd, 23rd, and 24th days. Clinical. Coughs lasting thirty 
seconds about twenty times on the 12th day, and about fifty on 23rd day of 
disease. Temperature 99 once. Follow-up. In a small house of eight boys, 
four of whom had had whooping-cough. Three, including patient, had it in 
this epidemic, and one escaped. He was in contact with him for seven days 
after discharge, and with two sisters from the 35th day. Three months 
later they contracted whooping-cough at their boarding-school. 


Case 10. Aged 14. Admitted on the 9th day. Discharged on the 32nd. 
Incubation period. Unknown. Cough plates. Positive on the 3rd, 21st, 22nd, 
and 23rd (a few colonies in each plate on last three days). Negative on the 
27th, 28th, and 29th. Clinical. Temperature up to 99-2 on several days 
during the 2nd and 3rd week of illness when first series of release tests 
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performed. Occasional cough after two and even three months on exertion. 
Follow-up. Mixed freely on discharge with two brothers who had not had 
whooping-cough. ‘Tried not to cough over them.’ 


Case 11. Aged 14. Admitted on the 2nd day. Discharged on the 25th. 
Incubation period. Seven to nine days. Cough plates. Positive on the 3rd 
day. Negative on the 18th, 19th, and 20th days. Clinical. Loose frequent 
cough which did not completely disappear for two months. Follow-up. 
Mixed in ordinary way with two brothers aged 6 and 11 and one sister aged 
7, none of whom had had whooping-cough. Slept by himself. 


Case 12. Aged 17. Admitted on the Ist day. Discharged on the 23rd. 
Incubation period. Uncertain. Cough plates. Positive on the 4th day. Nega- 
tive on the 21st, 22nd, and 23rd days. Clinical. Started as cold. Coughed 
forty-one times on 17th. Temperature 100 for two days. Follow-up. Went 
home. Did not mix with susceptible persons until 42nd day. 


Case 13. Aged 173. Admitted on the 12th day. Discharged on the 38th. 
Incubation period. Uncertain. Cough plates. Positive on the 12th day. 
Negative on the 30th, 31st, and 32nd days. Clinical. Temperature and 
pulse normal throughout. Coughed normally five times a day at commence- 
ment. Follow-up. Seven susceptible persons in house had been immunized 
with serum and vaccine. 


Case 14. Aged 153. Admitted on the 7th day. Discharged on the 35th. 
Incubation period. Uncertain. Cough plates. Positive on the 7th day. 
Negative on the 22nd, 23rd, and 24th days. Clinical. Started as a cold. 
Coughed eighteen times on the 13th and three times on 23rd day of disease. 
Temperature 99 for two days. Follow-up. Received 10 c.c. serum on 4th 
day of disease. Same house as No. 13. 


Case 15. Aged 17. Admitted on the 2nd day. Discharged on the 14th. 
Incubation period. Uncertain. Cough plates. Negative on the 2nd and 7th 
days. Not done later. Clinical. Loose frequent cough. Follow-up. No 
susceptible persons at home, 


Case 16. Aged 14. Admitted on the 5th day. Discharged on the 34th. 
Incubation period. Less than seven days. Cough plates. Positive on the 4th 
day. Negative on the 29th, 30th, and 3lst. Clinical. Series of spasmodic 
single coughs. Temperature 99-2 for one day. Had had three very small 
doses of vaccine in 1932. Follow-up. Same house as No. 13. 


Case 17. Aged 15. Admitted on the 4th day. Discharged on the 12th. 
Incubation period. Uncertain. Cough plates. Positive on the 4th day. Not 
done later. Clinical. Series of single coughs. Follow-up. Went home after 
eight days. No susceptible persons. 


Case 18. Aged 18. Admitted on the first day. Discharged on the 42nd. 
Incubation period. Uncertain. Cough plates. Positive on the 6th. Not 
done later. Clinical. Very violent, fairly frequent cough with whooping 
from 15th to 22nd day. Cleared up after a month. Follow-up. Same house 
as No. 13. 


Case 19. Aged 18. Admitted on the 11th day. Discharged on the 20th. 
Incubation period. Uncertain. Cough plates. Positive on the 12th day. Not 
done later. Clinical. Remains of a cold. Twenty series of six to seven 
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coughs on 21st day. Follow-up. Went home after nine days. Not in con- 
tact with susceptible persons. 


Case 20. Aged 15. Admitted on the 4th day. Discharged on the 27th. 
Incubation period. Four days. Cough plates. Positive on the 5th day. 
Negative on the 24th, 25th, and 26th days. Clinical. Temperature 99 for 
two days. Series of fits of coughing. Follow-up. Went home after twenty- 
four days. No susceptible persons. 


Case 21. Aged 16. Admitted on the 2nd day. Discharged on the 20th. 
Incubation period. Five days. Cough plates. Negative on the 3rd day, and 
the 17th, 18th, and 19th days. Positive on the 7th and 10th days. Clinical. 
‘Tickly ’ cough with some sputum. Given vaccine therapeutically. Follow- 
up. Not in contact with susceptible persons after discharge. 


Case 22. Aged 13. Admitted on the 1st day. Discharged on the 16th. 
Incubation period. Six days. Cough plates. Positive on the Ist day. Not 
done later. Clinical. Infrequent cough at first but increased to 35 times 
a day on the 12th day. Follow-up. Not in contact with susceptible persons 
after discharge. 


Case 23. Aged 17. Admitted on the 12th day. Discharged on the 20th. 
Incubation period. Unknown. Cough plates. Positive on the 10th day. Not 
done later. Clinical. Slight cough on waking. Follow-up. Not in contact 
with susceptible persons after discharge. 


Case 24. Aged 14. Admitted on the Ist day. Discharged on the 22nd. 
Incubation period. Four days. Cough plates. Positive on the 3rd day. Not 
done later. Clinical. Single coughs, fifty-one on 8th day and seventeen on 
17thday. Follow-up. Not in contact with susceptible persons after discharge. 


Case 25. Aged 16. Admitted on the 5th day. Discharged on the 23rd. In- 
cubation period. Unknown. Cough plates. Positive on the 5th day. Nega- 
tive on the 14th, 15th, and 16th days. Clinical. Loose hacking cough as 
many as ten times an hour, at commencement about once an hour. Follow- 
up. Received 10 c.c. convalescent serum (donor No. 18). Was in contact 
with non-immune from 23rd to 27th day. 


Case 26. Aged 17. Uncertain when admitted or discharged, but not until 
after 42 days at least. Incubation period. Uncertain. Cough plates. Not 
done. Clinical. Loose cough with considerable mucus. Temperature 99- 
100 for three days. Was in contact with whooping-cough about a month 
previous to coming back to school. Whooped frequently and vomited 
occasionally. Follow-up. Same as No. 13. 
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PULMONARY CONGESTION FOLLOWING ARTIFICIAL 
PNEUMOTHORAX: ITS CLINICAL SIGNIFICANCE! 


By RONALD V. CHRISTIE 
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Hospital, Montreal, and the Medical Unit, London Hospital) 


With Plate 13 


ARTIFICIAL pneumothorax has been gaining popularity in the treatment 
of tuberculosis over a period of several decades; and evidence has been 
steadily accumulating to show the seemingly perfect physiological readjust- 
ment which follows this procedure. The very perfection of these re- 
adjustments has perhaps closed our eyes to their possible significance, for it 
would seem reasonable to suppose that it is among these circulatory and 
respiratory adjustments that the rationale of pneumothorax therapy is to 
be sought. In spite of the increasing use of artificial pneumothorax, its 
mode of action has not yet been defined; yet a proper understanding of the 
action of any therapeutic measure is essential to its intelligent application 
in disease. Various theories have been advanced, but most of them are 
mere conjecture; they are likely to remain conjecture until an attempt is 
made to correlate physiological principles with therapeutic results. 

In a previous communication (3) we have shown that the elastic pro- 
perties of the lung can be accurately analysed in vivo from a simultaneous 
record of the pleural pressure fluctuation and of the tidal air, the former 
representing the force exerted on the lung, or stress, and the latter the 
amount of distension or strain. Such a relationship is only true if the 
recorded pleural pressure represents the force exerted on the lungs as a 
whole. In other words, it is essential that at any instant during the respira- 
tory cycle the pressure is the same throughout both pleural cavities. With 
only a small amount of air in either pleural cavity such a uniformity exists (3), 
but where there are adhesions, or where extensive collapse of one lung is 
present, the pressures in the two pleural cavities will undoubtedly differ. 
In this case some of the stress is expended in straining either the adhesions, 
or the mediastinum, so that pressure gradients will exist in the pleural 
cavities. It is, therefore, obvious that the use of this method in measuring 
the elastic changes which may occur in the lung after pneumothorax 


1 Received February 15, 1936. 
[Q.J.M. New Series No. 19] 
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is only feasible in those cases where there are no pleural adhesions and 
where the pressures are measured on both sides. We have not considered 
it a justifiable procedure to make bilateral pleural pressure measure- 
ments in those patients in whom only a unilateral pneumothorax was 
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Fig. 2. Right-sided Pneumothorax in the Rabbit. 

Rabbit, 9, 1:7 kilo, Dial 0-75 c.c. per kilo. © = O, consumption in c.c. per min. 
x = Respiratory rate per min. Pleural Pressure—The lines represent pleural pressure 
fluctuation with inspiration and expiration. Tidal Air—The lines represent depth 
of tidal air in c.c. 
required for treatment; we have, therefore, confined ourselves to animal 
experimentation and to one patient with a bilateral pneumothorax and no 
demonstrable adhesions. 

Unilateral pneumothorax. In investigating the effect of unilateral pneumo- 
thorax rabbits were used, since in these animals there is no communication 
between the pleural sacs. In dogs and cats the partition is so flimsy that 
even a small unilateral pneumothorax usually ruptures into the opposite 
pleura. 
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The technique of recording the pleural pressures by means of a water 
manometer has been previously described (3). In rabbits a true intrapleural 
pressure tracing can be obtained with the injection of as little as 5-10 c.c. 
of air. The tidal air was recorded simultaneously by means of a chain 
counterbalanced spirometer with mercury cap valves, the inertia of the 
whole system amounting to less than 2 mm. of water with the animal 
breathing at a rate of 40 per minute and with a depth of 10c.c. From such 
a tracing the respiratory rate and depth and O, consumption can be 
accurately measured. 

In Figs. 1 and 2 are shown the typical changes which occur with uni- 
lateral pneumothorax in the rabbit. The pneumothorax was instituted on 
the right side, and it is clear that as more air was injected the pleural 
pressures on the two sides became more divergent. On the right side, as 
one would expect, the pressures became increasingly positive both at the 
end of inspiration and expiration, but what is not so expected was the 
greatly increased pleural pressure fluctuation in spite of a decreasing tidal 
air. In the contralateral lung there was only a slight tendency to a more 
positive intrapleural pressure on expiration, but on inspiration the pressure 
actually became more negative as the pneumothorax progressed. It is 
evident then, that as the pneumothorax progresses the force exerted by the 
respiratory muscles on both the collapsed and uncollapsed lung increases, 
yet there is a marked decrease in the amount of expansion of the lung. In 
other words, the lung as a whole becomes less distensible and more rigid. 
With this progressive increase in rigidity there is a progressive increase in 
respiratory rate and decrease in depth, but it is only after very large 
amounts of air are injected that there is any impairment of O, consumption. 
(Fig. 2.) 

With a left-sided pneumothorax the same sequence of changes occurred 
during the earlier stages. After about 60 c.c. of air had been injected, 
however, the pleural pressure fluctuation on the left side almost disappeared, 
and with still more air true paradoxical pressure fluctuations appeared. 
That is to say, the pressure in the left plural cavity became more positive 
with inspiration, while on the right it became more negative. With still 
further injection of air the paradoxical pressure fluctuation increased until 
it reached 3 cm. of H,O or more in extent, when the pneumothorax ruptured 
into the right pleural cavity and the pressures became equal on the two 
sides. 

It was thought that this paradoxical pressure fluctuation might be caused 
by the downward displacement of the diaphragm on the left side where it 
lacked the support of the liver, so that the concavity of this muscular sheet 
was facing upwards instead of downwards. This proved to be the case. In 
these circumstances contraction of the diaphragm would obviously cause 
compression rather than distension of the lung; in other words, the dia- 
phragm is converted into a muscle of expiration rather than of inspiration. 
The mechanism involved is clearly shown in Fig. 3 where, by section of the 
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left phrenic nerve, a paradoxical pressure fluctuation of from +9 to +10°5 
cm. of H,O was converted into a fluctuation of from +9 on expiration to +7 
on inspiration, with no significant change on the right side. Paradoxical 
movements of the diaphragm have been frequently described following 
either pneumothorax or hydrothorax in man (the Keinboeck phenomenon). 
The association of this phenomenon with paradoxical pleural pressure 
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Fic. 3. Effect of Phrenicectomy on Paradoxical Pressure Fluctuation. 


Rabbit, 3, 2:2 kilo, Dial 1-1 c.c. per kilo. 90 c.c. of air in left pleural cavity. Upper 
tracing—Tidal air measured by spirometer. Middle tracing—Left pleural pressure 
measured by water manometer. Before phrenicectomy fluctuations were paradoxical, 
after phrenicectomy they bore the normal relationship to respiration. Lower tracing— 
Right pleural pressure measured by water manometer. 


fluctuations has also been observed (17), (16), but the experiments which 
have been described appear to constitute the first proof that inversion of 
the diaphragm may be the direct cause, in the rabbit at any rate, of both 
the paradoxical pressure fluctuations and the diaphragmatic movements. 

Unilateral pneumothorax has been studied in eight rabbits. The results 
have been so consistent that a detailed description of the other experiments 
is unnecessary. The only variant which appeared in different animals was 
the stage at which rupture of the pleura occurred. 

Bilateral pneumothorax. In the dog the partition between the pleural 
sacs is so flimsy that these animals are well suited for the study of bilateral 
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pneumothorax (11). In Figs. 4 and 5 the progressive changes which occur 
in the pleural pressures and tidal air when a pneumothorax is given to 
a large dog are shown. The pleural pressures remain identical on either 
side, but as the pneumothorax progresses there is a marked increase in the 
pressure fluctuations, and this in spite of an equally marked diminution in 
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Fia. 5. Dog, as in Fig. 4. 


© =O, consumption in c.c. per min. x = Respiratory rate per min. Pleural 
pressure—The lines represent pleural pressure fluctuations with inspiration and 
expiration. Tidal air—The lines represent depth of tidal air in c.c. (Systolic blood- 
pressure remained between 160 and 190 mm. of Hg until 1,700 c.c. of air had been in- 
jected, when it rapidly fell with death of the animal.) 


the volume of the tidal air. At the start of the experiment a pleural 
pressure fluctuation of -10 to —4 cm. of H,O was sufficient to yield a 
tidal air of 155 c.c.; whereas after a pneumothorax of 1,500 c.c. had been 
given a fluctuation of from -—10 to +6 cm. of H,O yielded a tidal air of 
only 90 c.c. Confirmatory results were obtained on two other dogs. From 
Figs. 4 and 5 it is apparent that in the earlier stages of the pneumothorax 
there was a tendency to an increase in the tidal air. In the other two 
experiments irregular changes in depth were observed. The depth of 
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respiration in dogs is an extremely unstable quantity, and it can only be said 
that the general tendency was undoubtedly towards a more shallow and 
rapid type of respiration. 

Somewhat similar observations have been made by Graham and Bell (12) 
on the effect of open pneumothorax on dogs. Movements of the chest and 
changes in the pleural pressure were recorded by them by means of tam- 
bours. Though such a technique was suitable for their particular investi- 
gation, one cannot draw conclusions from their results as to pulmonary 
distensibility or respiratory depth, for movements of the chest wall are by no 
means proportionate to the amount of air entering the lungs. In fact, with 
a very large pneumothorax we have often observed in the dog greatly 
increased movements of the chest wall with almost complete obliteration of 
the tidal air. 

In man there is the same remarkable tolerance to a well-balanced 
bilateral pneumothorax. We were fortunate in having the opportunity of 
investigating a patient with very extensive bilateral collapse and no 
demonstrable adhesions, who gave excellent co-operation. As has already 
been emphasized, it is only in this type of case, where there are no 
adhesions and where both pleural cavities are available for pressure measure- 
ments, that the pleural pressure and tidal air can be correlated into terms 
of pulmonary distensibility. Such cases are rare, so we will describe our 
observations in detail. The patient, a male aged 24, had had a bilateral 
pneumothorax for almost two years, and so had had ample time for adjust- 
ment. When pneumothorax therapy was first instituted he had a minimal 
but active lesion at the left apex and a small cavity in the right upper lobe. 
A bilateral pneumothorax was created, and two years later when the 
observations about to be described were made, it was judged by fluoro- 
scopy that 75 per cent. of his right lung was collapsed and 50 per cent. of 
his left (Plate 13, Fig. 6). There were no adhesions and no signs or 
symptoms at this time of activity in the tuberculous lesions. A detailed 
analysis of the lung volume and its subdivisions, the haemo-respiratory 
exchange, the arterial blood, and the pleural pressures were made, using the 
same technique as has been described in a previous communication (2), (5). 
The excellent co-operation given by the patient is well demonstrated in the 
tracing of vital capacity exercises shown in Fig. 7. The subdivisions of the 
lung volume are also given in Fig. 7. It is evident that all the lung volume 
measurements are greatly reduced. The amount of air in the lungs at the 
end of an ordinary expiration (functional residual air) was only 750 c.c., 
whereas with a surface area of 1-65 square metres, the surface area of this 
patient, it should have been at least 2,020 c.c., using the vital capacity 
factor of Myers (15) and assuming that the functional residual air is 49 per 
cent. of the vital capacity (13). In other words, the lung volume of this 
patient was reduced to one-third of its normal capacity ; yet there was no 
demonstrable impairment of haemo-respiratory exchange under resting con- 
ditions. The arterial blood showed a 94 per cent. saturation with oxygen, 
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and an oxygen capacity of 24-1 vols. per cent. The CO, content of the 
serum was 56-1 vols. per cent. and the pH 7:36, giving a value of 43 mm. of 
Hg. for the pressure of CO,. These are normal values. The minute volume 
respired and various ventilation equivalents also fell within normal limits. 
Under resting conditions the only suggestion of any respiratory abnormality 
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Fia. 7. Bilateral Pneumothorax in Man. 


Case W. T.—The lung volume and its subdivisions. R = Reserve air. C = Comple- 
mental air. V = Vital capacity. 


was a slight but definite increase in respiratory rate with a corresponding 
decrease in depth. The respiratory rate varied from 20 to 28 per min. 
while the depth varied from 290 c.c. to 360 c.c. at N.T.P. He would admit 
to no dyspnoea at rest, but very mild exercise, such as walking to the bath- 
room, caused some respiratory embarrassment. 

Immediately after the X-ray examination shown in Plate 13 a simultaneous 
record was taken of the two intrapleural pressures and of the tidal air. 
The tracing obtained is shown in Fig. 8; it contains several points of 
interest : (a) a comparatively small proportion of the air injected leads to 
collapse of the lung: 250 c.c. of air injected into the left pleural cavity only 
displaced 50 c.c. of air from the lungs into the spirometer. (This shift in 
the respiratory level is clearly shown by the shift of the base line of the 
tidal air tracing (Fig. 8). In other words, 1/5 of the air injected was spent in 
collapsing the lung and 4/5 in distending the chest wall. This corresponds 
with our findings in unilateral pneumothorax (5). (b) The pleural pressures 


on the two sides are identical, even when deeper inspirations are made (at 
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Fic. 8. Bilateral Pneumothorax in Man. 


Case W. T.—Tracings read from right to left. Upper tracing—Tidal air measured by 
a spirometer. Slope of broken line represents O, consumption and change in level of 
this line while the pneumothorax is being given represents the air displaced by the 
pneumothorax from the lungs into the spirometer. Middle tracing—Left intrapleural 
pressure measured by three water manometers in series. The rise in pressure while the 
pneumothorax is being given is an artifact due to the flow of air into the pleural space. 
Lower tracing—-Right intrapleural pressure measured by three water manometers in 
series. 
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A and B). We are, therefore, justified in assuming that the pleural pressure 
fluctuation represents the force exerted on the lung (3). (c) The lung is 
more rigid and less distensible than normal. A pleural pressure fluctuation 
of from +5 cm. of H,O on expiration to — 10cm. on inspiration yields a 
tidal air of 420 c.c. (uncorrected for temperature or pressure). That is, 
a total pressure change of 15 cm. of H,O is required to distend the lung by 
420 c.c. This is over twice the force required in the normal lung (3), 
and we can only conclude that this patient shows the same increase in 
pulmonary rigidity or decrease in distensibility that was demonstrated in 
the animal experiments.2 (d) The lungs remain expanded and function- 
ing, although the intrapleural pressure is greater than that of the atmo- 
sphere. At the end of expiration the pressure in either pleural space is 
+5 em. of water, yet the lungs still contain a considerable amount of air 
(750 c.c.). In other words, the rigidity of the lung is such that it will with- 
stand a positive pressure of as much as 5 cm. of water without collapsing. 

The tissue utilization of oxygen was also measured in this case by an 
analysis of blood from the brachial artery and median vein. The validity 
of this procedure as a measure of oxygen utilization is open to criticism, but 
great care was taken to avoid either hyperaemia or stasis. The skin of the 
arm was warm, and no tourniquet was used. The oxygen content of the 
arterial blood was found to be 22:8 vols. per cent. and that of the venous 
blood 14-31 vols. per cent., giving an arteriovenous oxygen difference of 
8-5 vols. per cent. Similarly, the CO, difference was 6-5 vols. per cent. 
Considering the care that was taken to avoid mechanical stasis in the arm, 
or cold, these figures must be considered as abnormally high. The satura- 
tion of the venous blood with oxygen is less than 60 per cent., and if we 
assume a pH of 7:4, this means that the pressure of oxygen in the venous 
blood is at least 10 mm. of Hg lower than normal. 

We can safely suppose that the tension of oxygen in the tissues is simi- 
larly lowered. Many investigators have remarked on the rapid increase in 
haemoglobin which follows pneumothorax. Meakins and Davies (14) have 
found increases ranging from 10 to 30 per cent., and this has been confirmed 
by Yoshida (18) and Durant and Fredericq (9). In two cases described by us 
elsewhere (5), the haemoglobin increased by 14 and 17 per cent. in five and 
eight weeks respectively, while in Case W. T., described above, an oxygen 
capacity of 24-1 vols. per cent. represents a haemoglobin of 115 per cent. 
(Van Slyke standards). No explanation for this phenomenon has been 
advanced, and we would suggest that this tissue anoxaemia would provide 
ample stimulus for increased haemoglobin formation. Admittedly, an 
analysis of one case does not prove the point, but there is indirect evidence 


2 It might be said that with such a low functional residual air the coefficient of dis- 
tensibility (Christie and McIntosh (3)) in this case is normal. But where the lung is 
collapsed by pneumothorax the volume of the functional residual air does not represent 
the amount of distensible lung tissue, so the application of any such coefficient is 
invalidated. 
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available to support such an hypothesis. The cardiac output is diminished 
after pneumothorax in man (7), &c. but there is no evidence of any correspond- 
ing decrease in oxygen consumption. It is therefore reasonable to suppose 
that this diminution in the blood-supply to the tissues should result in 
relative tissue anoxaemia. 


Discussion 


We can conclude from these experiments that when one lung is collapsed 
there is a progressive impairment of its distensibility: the more it is 
collapsed the more rigid it becomes. But when the volume of the lung is 
diminished by simple expiration or by a pneumothorax given after death, 
no such change in distensibility occurs, the elasticity of the lung being to all 
intents and purposes perfect (3). It is evident, then, that collapse of the 
lung by pneumothorax does something more than just change its volume; 
the lung also becomes more rigid. The only explanation one can imagine for 
such a change is pulmonary congestion, which has been shown to produce an 
increased rigidity of the lung (4). As all available evidence indicates a 
diminution in blood-flow through the collapsed lung proportionate to the 
degree of collapse, it would seem that this pulmonary congestion is passive 
rather than active. The microscopic picture certainly suggests capillary 
engorgement (6), &c. But Bruns (1) and Fine and Drinker (10) have both 
shown that the lung collapsed by pneumothorax contains less blood than the 
uncollapsed lung. This, at first sight, is a finding difficult to reconcile with 
passive hyperaemia ; but a diminution in the total amount of blood in the 
lungs may merely reflect a diminution in the blood-content of the pulmonary 
veins, which would be expected to occur with diminished blood-flow and 
increased pleural pressure. It is in no way incompatible with capillary 
congestion. 

In the contralateral uncollapsed lung there is an even greater change in 
distensibility, and long before any impairment of haemorespiratory exchange 
occurs, it may require more than three times the force to yield a tidal air 
which is only half the normal volume. This represents a considerable 
decrease in distensibility and, as in the collapsed lung, we believe this 
change to be due to capillary engorgement. There is but little evidence in 
the literature as to the state of the circulation in the contralateral un- 
collapsed lung, but the X-ray density can usually be shown to be increased 
(Von Muralt (17), &c.), and histological evidence of congestion has been 
described (Cloetta (6)). 

There would therefore seem to be strong evidence that capillary congestion 
is a prominent feature of the lung in the patient with artificial pneumothorax. 
The production of hyperaemia, whether active or passive, is a time-honoured 
procedure in the treatment of chronic inflammatory processes; it may well 
be that this is, in part at least, the explanation of the beneficial effects of 
pneumothorax. Should this hypothesis be correct, it might be expected 
that other conditions associated with pulmonary congestion would have 
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a beneficial influence on the course of pulmonary tuberculosis. There are 
only two conditions in which chronic congestion of the lungs, other than that 
of inflammatory origin, exists—congestive heart failure and acclimatization 
to high altitudes. It is suggestive that in both these conditions a favourable 
influence on pulmonary tuberculosis has been noted. It has been repeatedly 
shown that at high altitudes, even with acclimatization, the lungs are con- 
gested, presenting a picture very similar to congestive heart failure. The 
incidence of tuberculosis among the natives living at altitudes above 
10,000 feet is very low, and there is little doubt that living at these altitudes 
has a beneficial effect on pre-existing tuberculosis unless the pulmonary con- 
gestion leads to persistent haemoptysis (Hoch (1932), Conrad et al (1933), 
(Cowles and Chapman (1935), &c.). Numerous phenomena, such as the 
state of ionization of the atmosphere, the humidity, the light intensity, 
have been invoked to explain the beneficial effects of high altitudes, but the 
possibility that the pulmonary congestion in itself may be of benefit does not 
appear to have been considered. 

A similarly favourable influence on pulmonary tuberculosis occurs in 
chronic congestion of the lungs, associated with congestive heart failure. It 
has been stated that mitral stenosis and pulmonary tuberculosis never 
coexist. This is an exaggeration, but it is true that mitral stenosis asso- 
ciated with congestion of the lung and active pulmonary tuberculosis rarely, 
if ever, coexist. Pulmonary stenosis, on the other hand, has a very unfavour- 
able influence on the course of pulmonary tuberculosis. 

Almost every conceivable change which might take place in the lung after 
its collapse by pneumothorax has been invoked to explain the therapeutic 
benefit of this procedure. Rest of the lung, lymph stasis, increased ‘ drain- 
age’, occlusion of the bronchus, and erythrocytosis have been advanced, and 
also every possible circulatory change from active hyperaemia to passive con- 
gestion and anoxaemia. But there is no evidence that increased drainage 
or occlusion of the bronchus occur after pneumothorax, and it has yet to be 
shown that lymph stasis or erythrocytosis have a beneficial effect on the 
tuberculous or any other chronic inflammatory lesion. Rest, on the other 
hand, is a time-honoured stand-by in the treatment of chronic inflammation, 
and with unilateral pneumothorax the lung is probably rested. But with 
bilateral pneumothorax, which is becoming increasingly popular in the 
treatment of pulmonary tuberculosis, there is certainly no evidence that 
the lung is in any way rested. Direct proof that the beneficial effects of 
pneumothorax are due to pulmonary congestion is not possible. But there 
is considerable indirect evidence that this is so. First, we have shown that 
the lungs do become congested with either unilateral or bilateral pneumo- 
thorax, and in the latter, at least, ‘ rest of the lung’ cannot be the beneficial 
factor. Secondly, we have drawn attention to the fact that in other con- 
ditions, where pulmonary congestion exists, tubercular infection is inhibited 
or prevented. 

It is also probable that pulmonary congestion is responsible for some of 
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the functional changes which follow pneumothorax. The effect of pulmonary 
congestion on the vital capacity has been discussed in another communica- 
tion (5). It may also provide a simple explanation for the tendency to 
rapid and shallow breathing which follows pneumothorax: the response of 
the Hering-Breuer reflex to pulmonary congestion is rapid and shallow 
breathing, exaggerated by exercise (4). 


Summary and Conclusions 


1. With collapse of the lung by either unilateral or bilateral pneumo- 
thorax, there is a proportionate increase in the rigidity of the lung due, 
probably, to increase in pulmonary congestion. It is suggested that pul- 
monary congestion is an important factor in the therapeutic effect of 
pneumothorax. 

2. The tendency to dyspnoea in patients with pneumothorax may be due 
to the effect of decreased pulmonary distensibility on the Hering-Breuer 
reflex. 

3. In man, and in animals, the lungs can remain expanded, and functioning, 
although the intrapleural pressure is greater than that of the atmosphere. 
This is explained by the increased rigidity due to capillary engorgement, 
which follows partial collapse. 

4, Evidence is produced from experiments on rabbits that paradoxical 
respiratory pleural pressure fluctuations may be due to inversion of the 
diaphragm. 

5. It is suggested that the rapid increase in haemoglobin formation 
following pneumothorax is due to tissue anoxaemia. 
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Fic. 6. Bilateral pneumothorax in man. Case W.T. X-ray showing 
75 per cent. collapse of right lung and 50 per cent. collapse of left 
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THE ROLE OF CALCIUM IN SPONTANEOUS OVER- 
BREATHING TETANY? 


By C. G. BARNES anp R. I. N. GREAVES 
(From the Medical Unit, St. Mary’s Hospital) 


Introduction and Clinical Features 


Ir has been recognized for some years that tetany may result from over- 
ventilation of the lungs, without the level of the calcium of the blood 
dropping at any time below its normal value. Tetany of this type may be 
produced experimentally, by forced respirations, and has been studied by 
Collip and Backus (1), Grant and Goldman (2), Davies, Haldane, and 
Kennaway (3), Hill and Flack (4), Henderson and Haggard (5), and by 
Vernon (6). . 

Tetany may also occur as a result of the disturbance of respiratory 
mechanism that sometimes complicates the later stages of lethargic encepha- 
litis, when an extremely rapid, shallow type of breathing is occasionally 
observed. Such was the case described by Barker and Sprunt (7), and 
possibly also that by Harrop and Loeb (8). 

Finally, tetany may result clinically from overbreathing, the reason for 
which is not apparent, and such cases are called functional or spontaneous 
overbreathing tetany. Cases have been reported by Maytum (9), Maytum 
and Willius (10), Lawrence and McCance (11), McCance (12), Goldman (13), 
and by Scott and Cantor (14). 

The syndrome of spontaneous overbreathing tetany occurs chiefly in 
neurotic and highly strung women, and is only occasionally seen in men. 
It is a manifestation most frequently of hysterical overbreathing, but in 
these patients it may show itself also after slight exertion, owing to over- 
activity of the respiratory centre. Although the syndrome has come to be 
known as ‘overbreathing’ tetany, hyperpnoea is not necessarily obvious, as 
in two cases reported by McCance (12). In all cases, however, tetany can 
readily be produced by overbreathing for a period of time much shorter 
than that necessary to produce it in a normal person. As McCance has 
pointed out, it is upon this fact that the diagnosis must depend. 

The onset of carpopedal spasm and laryngismus stridulus is preceded 
usually by palpitation, paraesthesiae of the hands and feet, and by a sense 
of dryness and constriction of the throat. Some cases develop no further, 
and the true significance of such symptoms in these patients may then be 


missed. 
1 Received February 6, 1936. 
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After these premonitory symptoms there is a sense of stiffness and weight 
in the hands, and Chvostek’s and Trousseau’s signs become positive. At the 
height of the attack carpopedal spasm and laryngismus stridulus are well 
marked, and in some cases muscular spasm may be extreme, so that 
opisthotonos has been observed. 

As the tetany passes off the urine is found to be strongly alkaline and 
may contain ketone bodies and a trace of glucose. 

Although Herbert (15) does not consider these patients to be examples of 
true tetany, the signs and symptoms differ in no way from those of tetany 
associated with a severe drop in the calcium of the blood, such as occurs 
after parathyroidectomy, in coeliac disease, or in rickets. The blood 
chemistry, however, is normal, except that some of these patients have a 
high alkali reserve. 

The object of this paper is to describe three typical cases of the syndrome, 
and to record the investigations carried out upon them while they were in 
the Medical Unit wards of the hospital. Our results lead us to believe 
that many cases must pass unrecognized, and that the syndrome can be 
brought into line with low calcium tetany, the underlying chemical change 
being identical in the two conditions. 


Historical and Theoretical Considerations 


In all cases of tetany associated with overbreathing the onset of symptoms 
has been accompanied by little or no change in the chemistry of the blood. 
Collip and Backus (1), Grant and Goldman (2), and Maytum (9) consider 
that the washing out of carbon dioxide from the blood tends to decrease 
the normal ratio H,CO,/NaHCO, by decreasing the numerator. The 
reduction in this ratio might be due to an increase in the alkali reserve as 
measured by the CO, combining power of the plasma; but actually in 
experimental cases there is, on the contrary, a fall in the CO, combining 
power of the plasma. 

However, Collip and Backus show that there cannot really be a decrease 
in the alkali reserve, for were this so the prompt return of the blood 
bicarbonate to normal within a few minutes of the cessation of hyperpnoea 
would not be possible. Henderson and Haggard (5) explain this observed 
fall in the alkali reserve as being due to alkali passing out of the blood into 
the tissues, 

‘ Thus the CO,: alkali balance of the blood is restored at a level much 
below normal, and a condition simulating, but in certain respects 


markedly distinct from true acidosis results. In fact, until thus com- 
pensated the condition is a sort of low CO, alkalosis.’ 


To a certain extent the reaction of the blood is protected by the 
excretion of alkalis by the kidneys, and all workers have noticed an increased 
alkalinity of the urine during overbreathing tetany. Grant and Goldman 
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also cite the diminution of ammonia formation as further evidence of the 
effort by the body to compensate for the increased alkalinity of the blood. 

When these considerations are appreciated it is found that all cases of 
overbreathing tetany come under the heading of ‘alkaline tetany’ and so 
fall into line with the occurrence of tetany following the ingestion of large 
doses of alkali, or loss of acid from the body by repeated vomiting. In all 
these conditions proof of the alkalosis must be obtained by observing an 
increase in the pH of the blood, and an increased excretion of alkali in the 
urine. 

Tetany may occur also in the absence of alkalosis if the calcium of the 
blood fall greatly, as in the case of parathyroidectomized animals, MacCallum 
and Vogel (16), and in man following the removal of all the parathyroid 
tissue, or from diminished calcium absorption as in coeliac disease or in 
other conditions with steatorrhoea. Nevertheless, Wilson, Stearns, and 
Thurlow (17), and Wilson, Stearns, and Janney (18), demonstrated that after 
parathyroidectomy a state of alkalosis may develop which is neutralized by 
the acid products formed by the muscular activity incident on tetany— 
indeed, after periods of acute tetany a condition of true acidosis may 
result. Furthermore, periodic variations in the non-volatile acid-base 
equilibrium appear to coincide with the periods of attack. The same 
workers showed that tetany associated with low calcium of the blood can 
be relieved by the administration of acid salts, as well as by the usual 
treatment with calcium salts. 

Experimentally, also, Binger (19), by injecting orthophosphoric acid intra- 
venously into dogs, reduced the calcium content of the serum from 10 mg. 
to 6 mg. per 100 c.c. without producing tetany, so long as the pH of the 
injected substance were less than 6. If the injected substance were more 
alkaline then tetany resulted. 

It is well recognized that overbreathing tetany can be relieved either by 
the injection of calcium salts, or by the production of an acidosis, as by the 
inhalation of carbon dioxide. 

It would seem, therefore, that in both low calcium tetany and alkaline 
tetany two factors are involved in the production of the syndrome—namely, 
the level of the calcium of the blood, and the pH of the blood. Anderson 
and Graham (20), from a study of their case and a survey of the literature, 
conclude that in maintaining neuromuscular excitability in its normal 
state the level of the calcium of the blood is not so important as is the pH. 

With two factors clearly implicated in the production of tetany it is 
natural to attempt to link the two together. Gamble and Ross (21), and 
others, have advanced the theory that a reduction in the ionized calcium of 
the blood is the essential factor in determining the onset of symptoms. On 
this theory the two factors responsible for the onset of tetany—a state of 
alkalosis and a reduction in the calcium of the blood—would be correlated 
if it could be shown that an increase in the pH of the blood reduced the 
proportion of ionized or physiologically active calcium in the blood, while 
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leaving unaltered the total calcium. It would then appear that tetany is 
liable to develop if the physiologically active calcium fall below a certain 
level, and that the more alkaline the blood, the smaller would be the 
proportion of calcium in that state. 

Stewart and Percival (22), have shown that the corpuscles contain not 
more than traces of calcium, the calcium of the blood being almost entirely 
in the serum. It was further demonstrated by Sendroy and Hastings (23) 
that calcium in physiological concentrations is precipitated in solutions con- 
taining phosphate and bicarbonate in concentrations equal to those in blood. 
It must therefore be concluded that part of the calcium in the serum is not 
in the form of ionized salt, so that the calcium is present in at least two 
forms: (a) as a non-diffusible fraction fixed to protein, and (b) as diffusible 
inorganic calcium salts. The calcium which is held in combination with 
protein does not appear to be physiologically active, for in the hypo- 
calcaemia associated with a low protein content of the blood tetany does not 
occur, Salvesen and Linder (24). 

The diffusible calcium of the blood is physiologically active and Herbert (15) 
from the results of her ultra-filtration experiments and a survey of the 
literature concludes that in low calcium tetany a drop in the diffusible 
calcium of the blood can be demonstrated. 

Marrack and Thacker (25) showed that a reduction in the hydrogen-ion 
concentration of the blood led to an increase in the calcium combined in 
the non-diffusible form with protein, and considered that this might play a 
part in the production of overbreathing tetany. Experimentally, however, 
neither Gunther and Greenberg (26), nor Herbert (15) using ultra-filtration 
methods were able to demonstrate a fall in the diffusible calcium of the 
blood during overbreathing tetany, although Hertz (27) recorded a slight 
fall. 

The theory that both low calcium tetany and overbreathing tetany have 
as a common basis a reduction in the diffusible calcium of the blood has not 
therefore been supported by experimental proof up to the present time. 


Practical Considerations 


In order to produce experimental support for this theory it was necessary 
to have some method whereby one could detect any change in the diffusible 
calcium in the blood during attacks of tetany. One obvious method was 
by the in vitro dialysis of blood across a semi-permeable membrane, but the 
technique, if the necessary precautions were taken to prevent change of pH 
or loss of carbon dioxide from the blood during the experiment, would be 
extremely complex. 

Greenberg (28), as a result of his experiments, states: ‘When the blood 
calcium is at a normal stable level there is an approximate approach to an 
equilibrium between blood and spinal fluid, and the spinal fluid calcium is 
then a close measure of the diffusible calcium ; but on the other hand, when 
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the blood constituents are undergoing marked fluctuations, the spinal fluid 
changes do not keep pace.’ McCance and Watchorn (29) showed that the 
calcium in ultra-filtrates of the serum is about equal to the calcium of the 
cerebrospinal fluid expressed on the same basis, while further dialysis 
experiments by Pincus, Peterson, and Kramer (30), and by Cruikshank (31) 
indicate, that of the serum calcium, about 60 per cent. is freely diffusible, 
the remainder being held back in the serum in combination with protein. 

These findings are in accordance with the observations of Salvesen and 
Linder (32), who showed that cerebrospinal fluid and protein-free oedema 
had a calcium content of about 5-5 mg. per 100 c.c., while in joint fluids 
and other exudates, the calcium content rises in proportion to the increase 
in protein content. 

As a result of this experimental evidence we considered that we were 
likely to obtain a far more accurate measure of the diffusible calcium of the 
body by estimating the cerebrospinal fluid, than by any method involving 
in vitro dialysis. It must not be considered, however, that any change in 
the calcium content of the cerebrospinal fluid during tetany is an absolute 
measure of the diffusible calcium of the blood during tetany, because clearly 
the time factor becomes extremely important. For stable equilibrium to 
occur across a semi-permeable membrane, at least twenty-four hours would 
be necessary. In clinical cases of spontaneous overbreathing tetany this is 
impossible, for the condition of lowered diffusible calcium concentration 
would exist only for a short period, and the change from normal state to 
tetany occurs within a few minutes. Hence any change in the spinal fluid 
calcium during tetany, though it would indicate a qualitative change in the 
diffusible calcium of the blood in the same direction, could not be taken as 
a quantitative measure of the diffusible calcium, the change in the blood 
presumably being far greater than that observed. 

Other work has been done on the cerebrospinal fluid during tetany ; for 
example, Matsuhashi (33) showed that in dogs after parathyroidectomy the 
calcium of the spinal fluid fell from 5-2 mg. per cent. to 4-2 mg. co- 
incident with the onset of tetany. Also Critchley and O’Flynn (34) 
found that in two patients with tetany the calcium of the cerebrospinal 
fluid had dropped to mere traces during the attack, while in two other 
cases with tetany the calcium was below normal. In all these cases, how- 
ever, the calcium in the serum was also much diminished, and we have 
found no record of any investigation of the cerebrospinal fluid during over- 
breathing tetany when the calcium of the blood has remained normal 
throughout. 

The object of our investigations, therefore, was to show that in our cases 
there was a definite alkalosis during tetany, and then to determine whether 
the onset of tetany was, or was not, associated with a fall in the calcium 
content of the cerebrospinal fluid, and hence of the diffusible calcium of the 
blood. 

As a preliminary measure it was necessary to obtain, for comparison, 
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a normal figure for the calcium content of the spinal fluid. In reviewing 
the literature we found that much work has been done on the subject, but 
in the reports wide variations in the normal figure have been recorded. 
The method of estimation appears to bear an important relationship to 
this. However, from a consideration of the findings of the various workers, 
it appears that the normal range for the calcium of the spinal fluid is 
between 5 and 6 mg. per cent., with an average value of about 5-5 mg. 
per cent. 


Methods 


Calcium. The calcium in the plasma, serum, and cerebrospinal fluid was 
estimated by a modification of the method of Kramer and Tisdall, as 
advised by Beaumont and Dodds (35). In each estimation, however, the 
calcium was allowed to precipitate overnight, before centrifugalizing and 
washing was started. Although accurate results are usually claimed for 
this method, it has recently been criticized by Farquharson (36). In order 
to obtain some idea of the experimental error to be expected, we estimated 
the calcium in thirty known solutions containing known amounts of calcium, 
varying from 4 to 12 mg. per 100 c.c. 

Using a volume of 6 c.c. in each estimation, a maximum error of 0-3 mg. 
per 100 c.c. was found to occur, but this error remained almost constant 
whatever the strength of solution of calcium used. The percentage error 
was therefore greater in lower concentrations of the calcium salt, and was 
always such as to make the estimated calcium content of the solution greater 
than the actual value. 

To obtain a normal value for the calcium in the cerebrospinal fluid, we 
estimated the calcium and inorganic phosphates in the fluids obtained from 
twenty-five consecutive lumbar punctures performed at St. Mary’s Hospital. 
Of these twenty-five cases, eight proved to have fluids normal in every 
respect (as judged by cell count, protein content, negative Wassermann 
reactions, and Lange colloidal gold curves). The range for the calcium in 
these fluids was from 5-1 to 6-2 mg. per 100 c.c., with an average of 5-48 mg. 
per cent. This corresponds well with the results obtained by Warner (37), 
using the method of Bainbridge and Trevan, and those of Barrio (38) using 
the method of Kramer and Tisdall. 

Of four cases diagnosed clinically as disseminated sclerosis, the calcium 
content of the spinal fluid was 5-9, 6-2, 5-6, and 5-1 mg. per cent. respectively. 
Other cases were hydrocephalus (internal) 5-7, two cases of tabes dorsalis 6-0 
and 5-8, cord tumour (nature unknown) 5-3, myasthenia gravis 6-1, uraemia 
(without convulsions) 6-1, uraemia (with convulsions) 4-1, cerebral tumour 
4-65, and general paralysis of the insane 6-2 mg. per cent. 

In all our estimations we used a minimum of 6 c.c. of spinal fluid, so as to 
reduce the experimental error, and conducted the estimation in duplicate. 
In our first three cases the blood calcium estimations were made on citrated 
plasma, and in our fourth case on serum, again using 6 c.c. of fluid. 
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Phosphorus. The inorganic phosphate in plasma and cerebrospinal fluid 
was estimated as phosphorus by the method recommended by Beaumont and 
Dodds (39), and estimations were conducted in duplicate. The eight normal 
spinal fluids gave a minimum figure of 1-39, and a maximum of 2-0 mg. per 
cent. Average 1-69 mg. per cent. 

pH of blood, urine, and calcium solutions. The pH of the blood was deter- 
mined by the double quinhydrone electrode. The blood was collected under 
paraffin, care being taken to admit no air, and was centrifuged under 
paraffin. As the estimation of the pH was made with the blood under paraffin, 
the blood did not come into contact with the air at any time. 

The double quinhydrone electrode was also used for the estimation of the 
pH of the urine, and of the calcium salts used for injection. 

Urine. The bladder was emptied by catheter before overbreathing was 
started, and then again as soon as the tetany was completely relieved. 

Alkali reserve. The CO, combining power of the plasma was estimated by 
the method and apparatus advised by Van Slyke. 

Lumbar puncture. The samples of cerebrospinal fluid for estimation were 
taken as soon as the patients had fully developed the signs of tetany, and 


this was at once followed by the collection of blood from the brachial vein. 


The control specimens were collected at a time when the patients showed no 
signs of tetany. 

Calcium salts for injection. In our case 3 we injected into the patient 
during overbreathing tetany a solution of a calcium salt with a pH between 
7-5 and 7-6. This solution was prepared by adding to 4 c.c. of 10 per cent. 
calcium gluconate (Sandoz), 1 c.c. of a 5 per cent. solution of sodium bicar- 
bonate sterilized by autoclave in closed capsules. The sodium bicarbonate 
was added to the calcium gluconate slowly immediately before injection. 
A faint cloudiness may appear at the moment of mixing, but this rapidly 
disappears on shaking the mixture. 


Case Histories 


Case 1. M. M., female, unmarried, aged 26, waitress. Admitted to 
St. Mary’s Hospital, 2.8.34, suffering from repeated attacks of ‘ stiffening of 
her limbs’. | 

History. Four weeks previously she had experienced pain spreading all 
over her body, accompanied by cold sweats, and stiffening of her arms and 
legs. These attacks had gradually increased in frequency from two attacks 
in the first week until they had become an everyday occurrence. The pain 
was always most severe in the joints of the hands and feet, and as it passed 
off the patient felt faint and the muscles of the limbs twitched. On one 
occasion, two weeks before admission, she lost consciousness during an 
attack, and on recovery her limbs were stiff for a long period. During the 
last eight weeks she had lost a stone in weight. 


Past history. Between fourteen and twenty she had been subject 
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to frequent fainting attacks, but otherwise there had been no relevant 
illness. 


Examination. Cardiovascular system, normal. Blood pressure, 110/75. 
Lungs, normal. X-ray examination of stomach and duodenum revealed 
nothing abnormal. Basal metabolic rate+2 per cent. (Benedict-Roth). 
Pupils large, right larger than left, but no other evidence of unilateral 
sympathetic stimulation. Nervous system, normal. Chvostek’s sign, nega- 
tive. Urine showed no abnormality beyond occasional traces of reducing 
substance. 

While the patient was in hospital she had several attacks of tetany. She 
was able to say when an attack was coming on, on account of numbness and 
paraesthesiae in the hands and feet. Also during this period Chvostek’s 
sign could always be elicited, although Trousseau’s sign was not present. 
During the attacks there was typical carpopedal spasm. There was flexion 
of the metacarpo-phalangeal joints, with extension of the fingers. The 
thumb was drawn in to the palm, and protruded between the third and 
fourth fingers, and could not be withdrawn from this position ; the wrists 
were flexed and slightly pronated, and there was some flexion at the elbow 
joint. Spasm was never as severe in the legs and feet, as in the arms and 
hands. There was hoarseness, but not stridor. Tetany often started in the 
early morning soon after the patient had wakened up, possibly from over- 
activity of the respiratory centre at this time, washing out CO,, and so 
causing an alkalosis; in normal people the urine tends to be alkaline at this 
time owing to overbreathing. The spasm could always be relieved by 
injecting intravenously 1 c.c. of a 5 per cent. solution of calcium chloride. 
Tetany was brought on, on several occasions, simply by asking the patient 
to overbreathe, and on one occasion it occurred after 1} minutes. These 
attacks could be cured within twenty minutes by the patient rebreathing 
into a bag containing oxygen 95 per cent. and CO, 5 per cent. On adminis- 
tration of large doses of acid sodium phosphate it was found that the attacks 
were greatly reduced in frequency, but were not completely cured. 

Below are tabulated the results of the investigations carried out on 
this case : 


—— Specimens —— 
Estimation. myer ‘ a collected during ee 
P tetany tetany. PY: 
pH of blood 7-47 7-47 — 
Plasma calcium 10-12 mg. % 9-9 mg. % — 
ee inorganic phosphate 3°23 mg. % 3-3 mg. % 
as 
CO, combining power of 60-4 c.c. % 64-2 c.c. % 54-6 c.c. % 
: gp 
plasma 
C.S.F. calcium 5-0 mg. % 4-5 mg. % 53 mg. % 
C.S.F. inorganic phosphate 1-7 mg. % 1-49 mg. % 1-8 mg. % 
(as P) 


Case 2. K.H., female, aged 34, unmarried. Admitted on 27.10.34 to 
St. Mary’s Hospital suffering from a giant urticaria which she attributed to 
eating some skate two days previously. Injection of 10 minims of adrenalin 
hydrochloride solution (1/1000), subcutaneously, freed her from her symptoms 
for about eight hours, and it was repeated with each fresh attack. On one 
occasion, a few minutes after an injection, she collapsed, started to breathe 
extremely rapidly, and shortly after developed severe carpopedal spasm, 
and laryngismus stridulus; Chvostek’s sign was present. 1 c.c. of 5 per 
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cent. solution of calcium chloride was injected intravenously, and relieved 
her symptoms in about five minutes. 

Subsequent interrogation elicited the following history: ‘On Monday 
morning, October 13th, I was obliged to hurry to business, and ran up two 
or three flights of stairs. I felt exhausted, and without any warning 
collapsed on the stairs; everything went dazed, although [I still had my 
presence of mind. I felt as if a strong electric current was shooting through 
my body until it reached my finger-tips, when they seemed to stiffen and 
become locked. My breathing was difficult, and my throat seemed as if it 
was contracted. I was able to speak, but not very clearly; afterwards 
I was very exhausted. The second attack was on Friday morning, the 26th. 
I had been feeling ill the previous night with sickness, and pains round my 
heart, and a feeling of suffocation which caused me to breathe with difficulty, 
with the result that I again found myself going through the same dreadful 
experience.’ There was nothing of importance in the history previous to 
the attacks of tetany, other than a gastro-enterostomy in 1931. 


Examination. No abnormality was found in any system of the body. 
Overbreathing for 4} minutes on one occasion, and 3? minutes on another 
(timed by stop watch), produced tetany with carpopedal spasm and 
laryngismus stridulus. This was relieved on one occasion by intravenous 
injection of calcium chloride, and on another by rebreathing CO, 5 per cent. 
and oxygen 95 per cent. from a bag. 


epeinann camveeen Specimens collected 


Estimations. — eseag of no during tetany. 

pH of blood 7:49 7-51 

pH of urine 7-62 7:88 

Plasma calcium 9-6 mg. % 9-5 mg. % 
Plasma inorganic phosphate (as P) 2-69 mg. % 2-71 mg. % 
CO, combining power of plasma 66-2 c.c. % 67-1 c.c. % 
C.S.F. calcium 5-5 mg. % 4:95 mg. % 
C.S.F. inorganic phosphate (as P) 1-82 mg. % 1-55 mg. % 


Case 3. E.P., female, aged 36. Married; home duties. 


History. In 1932 the patient started to experience attacks of frontal 
headache, with mistiness of vision and a sense of constriction of the throat. 
These symptoms were associated with paraesthesiae of the right arm and 
hand, and a sense of heaviness and weakness in that hand. At these times 
also her voice would become low and husky, and occasionally her face would 
twitch involuntarily. Neither the legs nor the left hand were ever affected. 
These attacks lasted usually about half an hour, and their onset was quite 
unrelated to food, exercise, or time of day; they occurred irregularly some- 
times two or three times in one week, while sometimes an interval of a 
month would separate them. In August 1934, as the severity of her 
symptoms seemed to be increasing, she came to the hospital for examina- 
tion. No abnormal physical signs were found, except that a small adenoma 
of the thyroid gland was present. This adenoma was removed. After the 
operation the patient was not relieved in any way and the attacks continued 
irregularly until November 1935, when she was again admitted to hospital 
for investigation. 


Examination. The patient was a thin nervous woman, much worried 
about her health. Physical examination proved entirely negative, except 
that there was a fullness in the region of the thyroid gland. There were no 
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signs of thyrotoxicosis, and the pulse was steady at 65 per minute. Basal 
metabolic rate: — 16 per cent. (Benedict-Roth). Chvostek’s and Trousseau’s 
signs were absent. The patient was asked to overbreathe, and was timed 
by stop-watch. At the end of 6 minutes she indicated by signs that she was 
experiencing paraesthesiae in both hands, and a minute later spasm started 
in the hands, and Trousseau’s sign became positive. At the end of 9 minutes 
carpal spasm was marked, and severe laryngismus stridulus was present. 
There was neither paraesthesiae nor spasm of the feet. 

On recovery the patient stated that the sensations she experienced as 
tetany began were precisely similar to those she experienced during her 
frequent attacks, except that with the voluntary overbreathing headache 
had not been present, and both hands had been affected. On two occasions, 
with this patient in overbreathing tetany we injected intravenously, while 
she continued to overbreathe, an alkaline solution of calcium gluconate with 
a pH between 7-5 and 7-6. On both occasions spasm was relieved within 
one minute of the injection. 

We were unable fully to investigate this patient, but blood estimations 
showed : 

Plasma inorganic 


Serum Ca. phosphate. 
Before tetany 9-4 mg. per cent. 3°32 mg. per cent. 
During tetany 9-4 mg. _,, 3-26 mg. ” 


These figures, together with the clinical evidence of tetany occurring after 
overbreathing for only nine minutes, establish the diagnosis of spontaneous 
overbreathing tetany. 

The patient was discharged with instructions to take calcium lactate 
gr. x four times a day, and a capsule containing 1 grm. of ammonium 
chloride three times a day. She has since been seen regularly as an out- 
patient, and feels much improved in general health. There has been no 
recurrence of her previous attacks since her discharge from hospital. 


Case 4. Although overbreathing tetany is almost always seen in women 
we have seen it occur in a man, suffering from exophthalmic goitre, while 
his basal metabolic rate was being estimated by the closed method. He was 
too ill for any investigation to be made during the attack, but on recovery 
his biochemical investigations showed : 


Plasma calcium . ‘ ‘ . . , 10-4 mg. per cent. 
Plasma inorganic phosphates. ‘ ‘ 2-8 mg. - 
Calcium of cerebrospinal fluid. , : 5°25 mg. - 
Inorganic phosphate of cerebrospinal fluid . 2-1 mg. e 


This, therefore, must have been a case of overbreathing alkalosis tetany, 
and the fact that it occurred in a man, and the mode of onset are of 
interest. 


Discussion 


This type of tetany can be recognized by the ease with which it is initiated 
if the patient is induced to overbreathe, and by the presence of a normal 
blood calcium. In cases where tetany has been produced experimentally in 
normal people, it is found that about thirty minutes overbreathing is required 
before symptoms start. In our patients it will be noticed that this time 
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was greatly reduced, as in all cases occurring clinically ; in Case 1, 1} minutes 
was on one occasion sufficient to bring on an attack; in Case 2, 3? and 
4} minutes on two different occasions; and in Case 3 about 9 minutes. 

It is of interest that the overbreathing in Case 2 was due to the injection 
of adrenalin, for McCance used the intravenous injection of adrenalin to 
stimulate the respiratory centre and bring on tetany in the cases reported 
by him. Although Rosett (40) found that a period of two minutes over- 
breathing would result in tetany only in those patients who had some 
organic nervous disorder, we were unable to find evidence for such nervous 
lesions in any of our patients. On account of the shortening of the time 
factor we would not expect to find, in our cases, all the chemical changes 
that are observed in experimental tetany with normal persons. 

In the first place it will be noticed that in both the cases in which we 
estimated the alkali reserve, the alkali reserve rose during tetany, as opposed 
to a fall in the experimental cases. This may be accounted for in one of 
two ways: either (a) the time factor is insufficient to allow complete com- 
pensation by the transposition of alkalis to the tissues, or (5) it is a funda- 
mental lack of ability on the part of these patients to perform this reaction 
which predisposes to overbreathing tetany. In the case described by 
Lawrence and McCance (11) it was also found that there was a rise and not 
a fall in the CO, combining power of the plasma during tetany. 

That alkalosis was present during tetany in our patients is shown by the 
rise of alkali reserve, and by the increased pH of the urine. Further, 
alkalosis may cause a disturbance in carbohydrate metabolism resembling 
diabetes mellitus, with acetonuria and decreased sugar tolerance, Haldane (41). 
This was also noticed by Collip and Backus (1), Davis, Haldane, and 
Kennaway (3), and by Lawrence and McCance (11), and in our most severe 
case (Case 1) traces of reducing substances were occasionally found in the 
urine. With regard to the pH of the blood it will be seen that in our case (1) 
there is no change in the pH of the blood before and during tetany, while in 
Case 2 the rise in pH during tetany is slight. However, Haldane (42) states 
that in overbreathing the alkalosis is shown chiefly by a change in the pH 
of the arterial blood. The pH of the venous blood is not much altered 
owing to compensatory slowing of the capillary circulation. Had we there- 
fore done arterial puncture, and estimated the pH of the blood so obtained, 
it is probable that we should have observed a greater change in pH. 

There are numerous ways in which alkalosis may be produced, and it 
becomes a matter for speculation as to why some cases of alkalosis develop 
tetany while others do not. McCance (12) begs the question in his summary 
by stating, ‘Certain persons are noticeably susceptible to the changes of 
reaction brought about by overbreathing. Tetany may develop in these 
cases with scarcely noticeable overbreathing, and before any chemical change 
can be detected.’ This remark would apply to all our cases except that 
there was a definite change in the calcium of the cerebrospinal fluid with 
the onset of tetany. At first sight the change appears to be extremely small 
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to be responsible for so marked an increase in neuromuscular excitability. 
It has already been pointed out, however, that the change in the diffusible 
calcium of the blood must necessarily be of much greater magnitude. 

Looked at from another angle it appears astonishing that so great 
a change can occur in the composition of the cerebrospinal fluid in so short 
a time. This is because one is accustomed to consider the formation of 
cerebrospinal fluid as taking place through the choroid plexus only, whereas 
it must also be formed across the endothelium of the small vessels of the 
spinal meninges. This is demonstrated by the fact that with a complete 
spinal block due to tumour of the cord, there will still be, on inhalation of 
amyl nitrite, a rise in the pressure of the cerebrospinal fluid below the level 
of the tumour. 

Many observers have been led to suppose that in conditions of alkalosis 
the circulating calcium ion was reduced, though we have been unable to find 
any experimental evidence to support this. We believe that by estimating 
the calcium of the spinal fluid, before and during overbreathing tetany, we 
have demonstrated a fall in the diffusible calcium of the blood during tetany. 
Whether the diffusible calcium of the blood represents the ionized calcium 
of the body is a controversial point. Almost certainly it does not, but in 
any case the ionized calcium must be contained in the diffusible fraction. 
The fact that we were able to relieve overbreathing tetany by the injection 
of a solution of a calcium salt with a pH greater than that of blood, seems 
to us to be strong evidence that the tetany is not the result of alkalosis 
per se. At present we have tried this injection only on one patient, but we 
shall repeat the investigation as opportunities occur.” 

We suggest, therefore, that the onset of tetany may be dependent on 
(a) the total calcium present in the circulation, and (b) the reaction of the 
blood. The common factor is the level of the diffusible calcium which is 
greatly affected by slight changes in the reaction of the blood. If this be so 
we can explain why tetany should not necessarily occur when the calcium 
of the blood is low, provided that it is the protein bound fraction of the 
calcium which is reduced, or that there is an acidosis, as in the cases of 
chronic nephritis described by de Wesselow (43). We can also understand 
why tetany should occur in any condition of alkalosis when the blood calcium 
remains normal, and why in parathyroidectomized animals the acidosis 
produced by the violent muscular activity during tetany should relieve the 
attack. 

We wish particularly to emphasize that the premonitory symptoms of 
overbreathing tetany may pass unrecognized if they do not develop further, 
as in our cases 2 and 3. Only when voluntary hyperpnoea is shown to lead 
rapidly to the onset of tetany does the true significance of these symptoms 
become apparent. 


2 Since this paper was written another case of spontaneous overbreathing tetany 
has been treated by similar intravenous injections of an alkaline solution of calcium 
gluconate. Spasm was relieved within four minutes. 
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Summary 


1. Three cases of spontaneous overbreathing tetany are reported. 

2. Reasons are given for suspecting that the alkalosis, which occurs in 
this condition, may be responsible for a decrease in the diffusible calcium of 
the blood. 

3. Reasons are set out for using the calcium of the cerebrospinal fluid as 
an index of the diffusible calcium of the blood. 

4. Twenty-five consecutive spinal fluids have been estimated as a control. 

5. A definite drop in the calcium of the cerebrospinal fluid was detected 
during tetany. 

6. An injection of an alkaline solution of a calcium salt into one of the 
patients during tetany relieved the attack. 


It is with pleasure that we acknowledge our indebtedness to Professor 
F. S. Langmead for permission to investigate and record our first two cases, 
and for the suggestions and criticisms with which he has helped our work. 
We have also to thank Professor C. A. Pannett for permission to record our 
other two cases. 
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‘CHEMICAL AND CLINICAL FINDINGS IN BERI-BERI 
WITH SPECIAL REFERENCE TO VITAMIN B, 
DEFICIENCY ! 


By B. 8. PLATT anv G. D. LU 


(From the Department of Medicine, Division of Clinical Research, 
Henry Lester Institute of Medical Research, Shanghai) 


In a recent survey (9) of a series of cases representing various types of 
beri-beri the need was indicated for a study of the association, in dietary 
defects, of multiple and partial deficiencies operating for long periods. It 
has been shown (11) in this connexion that in patients suffering from typical 
mild beri-beri, there is gross unsaturation with respect to vitamin C. The 
occasional occurrence of true pellagra together with certain changes in the 
mouth and in the distribution of pigmentation on the face, hands, and feet, 
has led us to suspect the widespread prevalence in the same patients of 
insufficiency of the vitamin B, complex. Certain points, however, were 
raised relative to two main theses ; firstly, that disturbances of metabolism 
underlie various manifestations of beri-beri, and secondly that a deficiency 
of vitamin A may contribute to the clinical picture ordinarily seen in beri- 
beri. Chemical and clinical investigations intended to elucidate these 
factors have been made and have already been reported in a preliminary 
form (10). The chemical findings are especially concerned with the evidences 
of vitamin B, deficiency and are closely involved with the intermediary 
metabolism of carbohydrates. 

Emphasis has been laid from time to time in clinical and laboratory work 
on the importance of carbohydrate intake and metabolism in the aetiology 
of beri-beri. It is not proposed in this communication to review in detail all 
the past work done in this connexion ; but some of the conclusions already 
reached from studies on man and experimental animals may be summarized. 

Carbohydrates seem to influence the development of the characteristic 
phenomena of vitamin B, deficiency in proportion to the quantities in which 
they are ingested, as well as, to some extent, according to their chemical 
state. It is believed, however, that proteins and fats also share in this 
effect since the vitamin B, requirements of the body are determined by the 
total caloric intake irrespective of the nature of the diet; other views are, 
however, held as to the effect of proteins and fats on the body’s need for 
vitamin B,. Changes in the glycogen content of certain tissues, and of the 

1 Received March 27, 1936. 
[Q.J.M. New Series No, 19] 
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blood sugar, have been found to occur in vitamin B, deficiency, but incon- 
sistencies in the data and discordant interpretations are still to be found. 
That vitamin B, is concerned in oxidation processes has been considered 
with more or less favour by various workers; though there are doubts 
expressed as to defective tissue respiration being a specific effect of vitamin 
B, deficiency. Evidences of acidosis have been obtained or inferred by 
some, whilst others have argued that during the deranged carbohydrate 
metabolism, substances accumulate which have a toxic action. Positive 
evidence has been obtained of the occurrence of unusual amounts of lactic 
acid in the blood of patients having beri-beri, and of methyl glyoxal in the 
urine and cerebrospinal fluid of infants suffering from a toxaemia respond- 
ing to treatment with vitamin B,. Methyl glyoxal or a similar substance is 
also believed to be secreted in the milk and excreted in the urine of B,- 
avitaminotic mothers, and has been identified in the blood of infantile beri- 
beri cases. 

There is no doubt now that the respiration of certain body tissues is 
upset as a specific consequence of B,-avitaminosis. It has been shown by 
Peters and his associates that in brain tissue from pigeons and rats suffering 
from lack of vitamin B,, under certain conditions lactic acid and pyruvic 
acid may be found in unusual amounts. There appears to be some relation- 
ship between the mechanism of these changes and of those which involve 
pyruvic acid as a normal intermediary substance in carbohydrate meta- 
bolism in the body. Thompson and Johnson (15) have recently shown that 
in B,-avitaminotic pigeons and rats there is an increase of bisulphite binding 
substances in the blood, which is specifically related to the vitamin B, 
deficiency and probably due, in the pigeons, entirely to pyruvic acid. 


Nature of Material now Considered 


(a) The clinical data already presented (9) fit the group of patients now 
reported, except that the proportion of severe, acute, or fulminating cases is 
greater in the present series ; patients having been specially referred to our 
clinic from other hospitals for this investigation. Whilst it may be neces- 
sary ultimately to re-define ‘ beri-beri’ in terms of vitamin deficiency, the 
usual significance attached to the type names is retained here. In order to 
simplify the presentation of the data, the degree of vitamin B, deficiency 
may be approximately represented as in the table opposite. 

For the symptomatology of vitamin A deficiency even a tentative tabula- 
tion cannot be offered as yet with sufficient assurance. It is possible to have 
frank clinical evidences of lesions in the eye without characteristic epithelial 
metaplasia elsewhere in the body; on the other hand, as in most of our 
cases, obvious clinical changes especially in the integumentary structures 
may be found, yet the eyes appear to be normal. On examination of a 
number of cases of the latter group, however, poor dark adaptation was 
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found. For present purposes an arbitrary assessment has been based on the 
presence of xerosis of skin and hair, thickening and ridging of the nails, 
follicular keratosis, la perléche, desquamation of the epithelium of the 
tongue, pyorrhoea alveolaris and epithelial cells in the urine. 


TABLE I. Beri-beri—The Assessment of Symptoms in Terms of Vitamin B, 
Deficiency 


Vitamin B,. 





\ 


\ 
Clinical symptoms. + ++ +++ +++ 


Neuritis usually of legs with altered (usually absent) knee- 7 ‘| 
and ankle-jerks 

Paraesthesiae 

Weakness 

Oedema 

Enlarged heart 

Tachycardia (with embryocardia) 

Cyanosis 

Dyspnoea 

Cardiac decompensation : 

Epigastric distress 

Prostration and restlessness 








This scheme for allocation of signs and symptoms is admittedly not com- 
prehensive and will doubtless require revision on further investigation, 
especially of the mutual effects of deficiencies of vitamins A and B,. That 
the localization of the lesion in a limb in vitamin B, deficiency is often 
determined by the amount of muscular activity has already been indi- 
cated (9). The accumulation of metabolites in the affected part will un- 
doubtedly contribute to the manifestations of vitamin B, deficiency, but the 
extent to which structures are attacked may well be determined by the 
degree of hypovitaminosis A pre-existing. If this proves to be the case, 
then the form in which, for example, damage to nervous tissue is mani- 
fested may be materially modified. This is illustrated by contrasting the 
findings in a patient suffering mainly from vitamin B, deficiency, case 2,196 
(reported below), in whom the peripheral neuritis was completely cured after 
a few days, with those in subjects who ultimately conform to the dry 
atrophic type of beri-beri. It is also probably true to say that severe grades 
of deficiency of both vitamins are rarely, if ever, associated. In high degrees 
of vitamin B, deficiency, signs of vitamin A deficiency are not seen except 
occasionally in minor forms, and when there are {marked evidences of 
vitamin A deficiency the manifestations of vitamin B, lack are submaximal. 
The combination of A and B,-hypovitaminosis appears to be for the ultimate 
advantage of the patient, since, although the course of his illness may be 
protracted, he is usually incapacitated and seeks treatment before the stage 
of severe fatal beri-beri is reached. 

In using this scheme as a basis for assessment of the clinical condition, not 
only has the intensity of the manifestations been considered, but also the 
time factor; changes involving vitamin A deficiency appear to take longer 
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to develop, and when established they require prolonged treatment. Clear 
evidence of vitamin B, deficiency develops rapidly and responds quickly to 
treatment—with the exception so far of most of the extreme cases. Inter- 
current infections and other complicating factors must also be taken into 
account. 

(b) Chemical investigations of this material include the estimation of total 
bisulphite binding substances (B.B.S.), pyruvic acid and methyl glyoxal in 
blood, cerebrospinal fluid, and urine by the following methods: 


The bisulphite binding substances in the blood, cerebrospinal fluid, and 
urine have been determined by the method of Clift and Cook (4). The fluid 
for examination was introduced immediately after removal from the body 
(in the case of blood and C.S.F. in amounts of approximately 3 grm.), into 
weighed centrifuge tubes containing 7 c.c. of 5 per cent. trichloracetic acid 
solution, mixed thoroughly, and the exact amount of body fluid added then 
obtained by re-weighing. After standing for half-an-hour the precipitate 
was separated by centrifugalizing, and extracted twice with 5 c.c. of 5 per 
cent. trichloracetic acid. The combined extracts were then made up to 25 c.c. 
and 5 c.c. was taken and titrated to pH 2-0 with N.NaOH. The amount of 
N.NaOH required to adjust to pH 2-0 the remaining 20 c.c. was added and 
the volume made up to 25 c.c. with distilled water ; 10 c.c. were then taken 
out and allowed to stand for 15 minutes with 2 c.c. saturated NaHSO, 
solution. 1 c.c. starch solution was then added and the uncombined bisul- 
phite oxidized with N/10 iodine solution. The colour of the solution was 
adjusted to a standard faint purple colour, using N/100 Na,S,O, solution 
followed by N/200 iodine solution. The bisulphite compound was then 
hydrolysed by the addition of 10 c.c. O,-free 8 per cent. NaHCO, solution 
and the standard colour restored with N/200 iodine solution made from 
O,-free water, using a micro-burette. The end point was taken when 
the colour persisted for 30 secs. Consistent results were obtained when the 
titration was carried out rapidly and immediately after addition of the 
bicarbonate solution, allowance being made for a blank determination. 
With high laboratory temperatures it was found advisable to cool the 
reaction mixture during the final stages. Elliot et al. (6) have recently 
observed inconsistent results if the final titration is carried out in warm 
solutions, and recommend eliminating this trouble by using disodium phos- 
phate to break up the bisulphite compound. There is also no blank value 
by this modification. The B.B.S. are expressed as mg. pyruvic acid per 
100 grm. fluid; 1 c.c. N/100 I = 0-44 mg. pyruvic acid. 

Pyruvic acid was estimated by the Neuberg-Case method as modified by 
Peters and Thompson (8). The remaining 15 c.c. of trichloracetic acid 
extracts was allowed to stand 24 hours with 0-1 mg. 2-4 dinitrophenyl- 
hydrazone made up in 1 c.c. of 2 N.HCl. The colour produced on addition 
of 5 per cent. alcoholic potash solution was matched against that produced 
from a standard solution in ethyl acetate of synthetic pyruvic 2:4 dinitro- 
phenylhydrazone (1) m.pt. 216-5 (corr.) (Analysis: found C 40-16, H 2-93, 
N 20-70; theory requires C 40-28, H 3-01, N 20-88). 

The pyruvic hydrazone was isolated from blood, obtained by venesection, 
caught in trichloracetic acid solution. The technique used by Peters and 
Thompson was considerably shortened by introducing a purification by 
toluene as used by Case (3) after the preliminary extraction. Also by re- 
extracting the phosphate extracts with fresh ethyl acetate, shaking this 
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ethyl acetate fraction with M/15 phosphate and returning the alkali soluble 
substances to the bulk of the phosphate solution, the substances remaining 
in the ethyl acetate phase being rejected, a considerable amount of labour 
and chemicals were saved. The hydrazone was finally purified by fractional 
crystallization from absolute ethyl acetate. 

In some instances the Simon Piaux test (13) was used as a qualitative test 
for pyruvic acid. 

The detection and estimation of methyl glyoxal were based on the methods 
of Barrenscheen and Dreguss (2). The precipitate formed after the tri- 
chloracetic acid extract had been standing for two hours was separated and 
thoroughly washed with Na,CO, solution, distilled water, warm 2 N.HCI. 
acid alcohol (30 per cent., 50 per cent., and 75 per cent.) and finally with 
95 per cent. alcohol. The colour produced with alcoholic potash solution 
was compared with that obtained with purified methyl glyoxal bis—2-4 
dinitrophenylhydrazone (m.pt. 398° decomp.) The methyl glyoxal was pre- 
pared according to the method of Riley et al. (12). 


The data for all patients except the acute fulminating cases were obtained 
from fluids taken after at least three hours’ rest in bed and abstinence from 
food. The severe acute cases were examined as soon as possible after 
admission to hospital. None of these cases, however, had had food for some 
hours and they were all unable to walk ; but many of them were restless. 


In all the tables B.B.S. are expressed as mg. pyruvic acid per 100 grm. 
fluid. 


Results 


Normal controls. From a group of healthy Chinese college students speci- 
mens of blood were obtained in the early morning before rising, no food 
having been taken since the previous evening. The values for B.B.S. in the 
blood of these apparently normal subjects are given in Table IT. 


TaBLeE II. Estimation of B.B.S. Values in Blood of Normal Subjects 


B.B.S. B.B.S. B.BS. 

aa mg./100 grm. Age. mg./100 grm. Age. mg./100 grm. 
15 2-61 18 3°67 23 4-82 
16 4-67 18 2-22 25 3°61 
16 2-60 18 2-94 28 2-89 
16 2-94 19 3-08 28 2-77 
17 4-12 19 3°92 30 3-22 
17 3.56 19 3-02 31 2-73 
17 3-16 20 2°54 34 3-97 
17 3-82 20 2-32 


A statistical examination of these data is given in a note at the end of 
this paper. The amount of pyruvic acid was not determined in these subjects, 
but values have been obtained in a few patients in whom the level of the 
B.B.S. was normal; these are given in Table III. It will be seen that the 
pyruvic acid proportion of the total B.B.S. at ‘ resting’ or ‘cured ’ levels is 
about the same in man as that found in pigeons by Thompson and John- 
son (15). 
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Fulminating beri-beri. Table TV summarizes the chemical and clinical data 
obtained in acute fulminating beri-beri, the clinical condition being repre- 
sented by +++ + in Table I. These cases constitute in our opinion the 
nearest approach to pure beri-beri, if this term is taken to signify the state 
of vitamin B, deficiency. Probably the best example of all is seen in 
infantile beri-beri. 


TaBLE III. Relation of Pyruvic Acid to Total B.B.S. in Blood in Patients 
showing Normal Values for B.B.S. 


a | Table no. Blood B.B.S. mg./100 Blood pyruvic acid 


grm. mg./100 grm. 
2,619 VII 3-29 0-71 
2,796 — 4:80 1:27 
2,659 VIII 2-03 0-74 
2,630 VII 2-88 0-41 
1,252 — 3-76 0-46 
2,742 VIII 4:65 0-92 
2,969 — 4.55 0-69 
3,028 — 4:38 0-65 
3,105 — 3-67 1-17 
3,241 VIII 3-96 1-03 
2,755 VIII 3-68 1-01 
3,444 _— 3-30 0-94 


These data afford the most striking results and are undoubtedly of con- 
siderable significance from many angles apart from the high values, especially 
in the blood, of the substances binding bisulphite. The main features of the 
group are briefly as follows: 

(1) The almost complete absence of evidence of vitamin A deficiency ; 
(2) a characteristic fall of the diastolic blood-pressure ; (3) an increase of the 
cerebrospinal fluid pressure (this was always measured in the prone position) ; 
(4) the short history of the severe manifestations of the disease and the high 
mortality; (5) the occurrence of methyl glyoxal; (6) in some cases the 
relatively greater proportion of pyruvic acid to total B.B.S. in the cerebro- 
spinal fluid compared with the ratio in the blood ; (7) the small part played 
by pyruvic acid in some cases in the increase of bisulphite binding sub- 
stances; the question immediately arising as to the nature of the other 
substances contributing to this increase. It should be noted that the raised 
values in pigeons (15) could be almost wholly accounted for by the increase 
in the amounts of pyruvic acid present. 

Special comment appears to be desirable in reference to three of these 
cases, the observations being summarized in Figs. 1-3. 


Case 2,196 (Fig. 1). The patient had approximately 750 international 
units of vitamin B,, mainly as marmite. The oedema, cyanosis, and distress- 
ing dyspnoea and the sensation of epigastric oppression gradually subsided 
during the first 5-6 days. At the end of 10 days his knee- and ankle-jerks, 
which previously could not be elicited, were obtained. He was discharged at 
the end of one month apparently quite well. In this patient altogether 
816 c.c. of blood was withdrawn by venesection and it is believed that vene- 
section is an important therapeutic measure from observations on this and 
other cases (cf. 3,007, Table IV). 








Chemical and Clinical Data 


TABLE IV. Acute Beri-beri. 





[361] 


€ ‘BI eeg 

‘HT 01 0F esta Bur 

-uoAo— eixorhd 4004 

-gIuLIeqUI pey—eseo 

poezsortduroo e—(‘sq] 
Zp) savok g Jo Aoq VW 

3 S17 

90g “UOISSIUIpe 

1oqye ‘say fg porp— 
esvyd oynoe shep ¢-Z 

UOISsIUL 

“pe 10938 “Sy € perp 
—osvyd oynoe shep Z 

‘say $1 

peIq ‘WorTZoesousA 

i0jye qyuowesAoiduit 
pexyieur § Ayyensnun 
:umouy you A104STFT 

UOISsTUr 

-pe Joye ‘sy Z porp 
—eseyd eynoe ‘sy 9 

uorjeulUre 

“xO 109j8 “SIY % Porp 
—osvyd oynoe Aep | 


uOISsTUL 
“pS 10778 ‘SIy Z PeIp 
—Neq-Heq =oe[lyueyuy 
perp 
seseyd eynoe ‘sry ZT 
I ‘S17 e0g ‘porno “4d 
:eseyd oynoe shep F 
uoIssIUIps 
1oqyye ‘say $1 perp 
—essyd oynoe shkep Z 
UOISsIUIpe 
10778 “SIN QT perp 
—oseyd oynoe sXfep ¢ 


“SsyUSTUUIO’) 


08/06 


3/08 


0/001 


0¢/06 


or/¢s 


0¢2/SOT 
oF/OL 


og/s¢ 


0s/os 


*£mo10uL 


*uIUL 

O1[OFSBVIp 

o1joysAs 
“ssoud 
-poold 


OLZ 


00€ 


00€ 


pester 


OFZ 
096 


066 


00€ 


“1098 


“uu 


*ssoid 
wc we) 


DID 1O2NUYOD puv yoowayO 





FL:0 mam ee 
¢80-0 es 0 
ote — —_— 
= a L@-0 
++ ++ ++ 
*ourT() ‘TSO “pool 
*(‘una3 99T/*3un 


Io ‘yenb)—;exoA]3 [Ayo 





= 6'T 62-1 
€-g¢ fo 99°F 
O-LE T&-€ F0-¢ 

= VS iach 

= 9-4 LPL 
= oP C19 
= SFT 8E-Z 
oun) TSO 8 ‘poolg 
"mds 


001/‘3u—prov oransdg 


9-16 o'8 8T-Tl 
a7 Tg 66 
¥18 = LL 
aad FIs L-01 
icp T€-€ 8-01 
=a Lv'g 0:FI 
~— T-OL €-31 
ag 90-4 OL-6 
ae 98°L 91-01 
rr 98°€ 6-01 
aa IL-9 L-91 
aia LL €-S1 
*“eurld() “TSO *poold 
3 — 





‘a3 QOT/‘Bur “g'g"g 


240Q-19G aNIR “AT AIAVI, 





esr‘s 


CLI‘ 


680° 


L00°€ 


486% 


ZLVS 
1¥3°S 
961° 
180° 
406‘T 


FLo‘T 


‘ou 
pr0oceyy 





362 QUARTERLY JOURNAL OF MEDICINE 


Case 3,175 (Fig. 2). In our experience this patient, without treatment, 
could not have been expected to live more than 1-2 hours. He had, by 
mouth, 17,500 international units of vitamin B, concentrate in the course of 
44 hours. That he lived for 9 hours after treatment began, may well have 
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been due to the vitamin B, given, for whilst there was no significant fall in 
the B.B.S., the concentration of pyruvic acid was reduced to about half the 
initial value. The ratio of pyruvic acid to B.B.S. in the C.S.F. was, in this 
case, greater than that in the blood. It may be stated here, as a problem 
which is being further studied, that the syndrome presented in the terminal 
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stages of acute vitamin B, deficiency, strongly suggests that the dyspnoea 
and cardiac embarrassment may in part be secondary to a biochemical lesion 
in the medulla. One point in favour of this view is the marked relief often 
seen when cerebrospinal fluid is removed. 
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Case 3,485. The condition of this patient in the terminal stages was 
complicated by pneumococcal septicaemia and meningitis and perhaps ought 
not to be included in this group. It will be seen, however, that while the 
pyruvic acid content of his blood and cerebrospinal fluid was low, the first 
urine contained an unusually large amount of methyl glyoxal, and pyruvic 
acid hydrazone was isolated from the urine (see Table V). Further, it may 
be noted that when the dose of vitamin concentrate was reduced, there was 
an increase in the bisulphite binding capacity of the blood which continued 
till death. Comparing this case with No. 3,383 (Table IX) suffering from 
meningococcal meningitis, it is possible that the high value of the total 
B.B.S. found in both these cases is not alone related to vitamin B, deficiency, 
and that these two cases of meningitis belong to a group which must be 
differentiated in some other way. 
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The dosage of vitamin B, concentrate administered in cases 3,175 and 
3,485 taken in conjunction with the results of injection of the concentrate in 
cases 3,484 and 3,498 (Table VII) referred to below, together with some pre- 
liminary experiments we have carried out on avitaminosis B, in pigeons, 
confirms the opinion expressed by Cowgill (5) in his study of pigeons, that 
enormous doses are required in the acute phase to effect a cure. 

Table V is supplementary to Table IV and gives details in regard to the 
pyruvic acid 2:4 dinitrophenylhydrazone obtained from the blood and urine 
in a number of these cases. 


TaBLE V. Melting Points of Pyruvic Hydrazone Extracted from Blood and 
Urine of Selected Patients from Table IV 


Pyruvic acid 2:4 dinitrophenylhydrazone. 





Record no. s x 
Isolated from. M. Pt. °C (corr.). Mixed M.Pt. °C (corr.) *. 
N.T.H. Blood 214:5 — 
1,293 — —_ os 
2,984 Blood 212-5 214-5 
3,007 Blood+ 214 2145 
_ Urine 215 216 
3,175 Blood 215 216 
a Urine 214:5 216 
3,485 Urine 214-8 215°3 


* Mixed melting point taken with synthetic product. 

} Analysis of this product: C. 40-56%, H. 3-28%, N. 20-32 %—theoretical values are 
given above, p. 358. 

The results recorded in Table VI are of importance in considering the 
specificity of the chemical findings in relation to clinical phenomena. There 
is rarely much doubt as to diagnosis in the severe grades of vitamin B, 
deficiency ; however, as there were resemblances in certain respects suffi- 
ciently marked for the patients to be referred to us as possible examples of 
acute beri-beri after preliminary examination in the emergency room, and 
since it is conceivable that consequent on states of anoxaemia similar 
chemical changes might arise, there is sufficient justification for inclusion of 
these findings. In all cases, normal values were obtained. 

Subacute beri-beri—with raised values for B.B.S. The results obtained in 
the next group of cases with pronounced evidences of vitamin B, deficiency 
are recorded in Table VII and show values for B.B.S. significantly higher 
than normal. 

The two noted first in this table died shortly after blood was taken, and 
in case 1,647 post-mortem examination failed to reveal any contributory 
cause of death. It is possible that these two cases represent clinically and 
chemically asthenic reactions, due to the association of at least vitamin A 
deficiency. All the other cases, except 2,619, had a clinical assessment of 
+++ vitamin B, deficiency; this degree of severity of deficiency evidently 
being sufficient to give rise to an increase of carbonyl compounds in the 
blood. The fact that in spite of a lower assessment on clinical grounds, 
case 2,619 showed a raised value, in contrast with the values given in 
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Table VIII, may have been due to the fact that the blood was taken on the 
day of admission to hospital. Special attention may also be called to 
cases 3,484 and 3,498 in respect of the dosage of vitamin B, and its dramatic 
effect on the clinical and chemical condition. In 3,484 two thousand Peters’ 
pigeon units of vitamin B, concentrate were given intravenously immediately 


TaBLE VI. Other Diseases having Symptoms akin to Acute Beri-beri, but with 
Normal B.B.S. Values 





B.BS. 
—" Diagnosis. ———— merge. Result. 
Blood. C.S.F. 
1,852 Tuberculosis, Pyrexia, convulsions 3-07 2:74 Patient 
meningitis vomiting, absent knee- discharged 
and ankle-jerks, wast- 
ing of leg muscles, 
rigidity of neck 
1,883 Lobar pneumonia Cyanosis, dyspnoea, 4-21 — Died 2 hours 
restlessness, and car- after blood 
diac failure taken 
1,973 Typhoid fever Pyrexia, restlessness, 3-58 — Recovered 
sensation of oppression 
inchest, Widal reaction 
positive 
2,160 Ningpo varnish Severe asthmatic dys- 3-64 — Recovered 
poisoning pnoea with cyanosis following 
following exposure to treatment 
Ningpo varnish (third with ephe- 
attack) drine 
2,496 Cardiac failure Dyspnoea, cyanosis, 2-11 1:31 Improved 
anasarca, and venous 
congestion 
2,841 Bronchopneumonia, Dyspnoea, cyanosis, 3-39 — Cured 
typhoid fever peripheral neuritis 
3,028 Malaria Pyrexia, marked dys- 4-38 — Cured 


pnoea, numbness, and 
weakness of legs. P. 
vivax found 


after the first B.B.S. test, which was taken four hours after rest in bed and 
three hours after food. Symptoms were considerably relieved when the 
second B.B.S. test was taken one hour later, the pulse-rate being then 80, 
and twelve hours later 65. 

Subacute type of beri-beri with ‘ resting’ or ‘cured’ levels for B.B.S. This is 
the type of patient most frequently seen. He has comparatively minor 
manifestations of vitamin B, deficiency, together with some signs of vitamin A 
deficiency and other, as yet, incompletely analysed indications of malnutri- 
tion. Tests have been made on a number of patients of this ‘ ordinary ’ type 
of beri-beri with the results given in Table VIII. 

The clinical assessments recorded were made on admission, except in 
those cases in which subsequent observations were made when values are 
given for the condition for the day in the last column. ‘ Resting’ B.B.S. 
values were obtained by taking the first test on the day following admission 
to the ward. From statistical analysis it would appear that these values do 





[366] 


TABLE VII. Subacute Beri-beri with Raised Values for B.B.S. 


Evidences of B.B.S. Test 
Record deficiency of mg./100 grm. taken— 
no. _— N.ofday 
Vit.A. Vit.B,. Blood. C.S.F. in ward. 


1,647 +e sos 6-17 — 3 Died a few hours after blood 
taken. Autopsy showed 
no evidence of associated 
infection 


Comment. 








N.T.H. 

952 + +++ 6-51 4-78 2 ? Asthenic reaction in em- 
aciated subject with vit. A 
deficiency. Died 2 hrs. 
after blood and C.S.F. ex- 
amination 

2,630 +H +++ 7-2 — 5 Very poor diet for months. 
2-88 a= 17 Patient attended O.P.D. 
3-12 1-82 63 in padded clothes in height 
of hot summer because 
legs felt cold, numbness 
especially marked—sweat- 
ing absent over numb 
areas. Improved steadily 
2,066 0 4+ 6-45 4-62 1 Aching and numbness for 
2-3 months. Oedema for 
oneweek. Low diet forsome 
time. Had severe cramps; 
recovered in a few days 


2,265 + spt 5:58 1:98 1 Marked improvement. On 
6-41 — 2 3 oz. marmite, daily dried 
2-48 oo 11 yeast 
2,619 + a4 5°58 2:02 1 Had unusual degree of 
3°64 — 6 numbness and tenderness, 
3-29 1-99 19 especially of legs. Weak- 
ness marked. Consider- 
able improvement in 10 
days 
3,484 ? H+ 6:32 — 2 Complicated by leprosy. 
3-41 _— 10 Sudden onset of oedema. 
3°65 — 13 Persistent tachycardia 
(100-120 for 3 days); re- 
sponded immediately to 
intravenous injection of 
vit. B, concentrate (2,000 
Peters’ pigeon units) on 
day 3. Pulse-rate fell 
steadily, was 84 in 12 hrs. ; 
days 4-10 was 78-80 
3,498 0 ee 5:39 2-18 1 Case with no evidence of 
3-88 -- 1 vit. A deficiency, Had 
3-91 2-06 10 precordial discomfort, dys- 


pnoea and oedema. Tendon 
reflexes in legs elicited with 
difficulty. Tachycardia 
100-110 with ‘tick tack’ 
rhythm (embryocardia). 
First B.B.S. taken after 
4 hrs. rest in bed (after 
admission) and 3 hrs. after 
food: 2,000 Peters’ pigeon 
units vit. B, concentrate 
given intravenously im- 
mediately after first B.B.S. 
test. Symptoms consider- 
ably relieved when 2nd 
B.B.S. test taken one hour 
later, P.R. —80. 12 hours, 
later P.R. = 65 ; no oedema 
and tendon reflexes brisk 
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not differ significantly from those found for normal subjects. Complete rest in 
bed for a period usually of about 18 hours sufficed to relieve substantially the 
symptoms of vitamin B, deficiency. There is some evidence from the results 
given in Table VII to suggest the possibility that, had the initial estima- 
tion of B.B.S. in the blood been made earlier, higher values might have been 
discovered. If this supposition is not substantiated on further investigation, 
it is proposed then to determine the pyruvic acid content of the blood in all 
such cases. Other methods of revealing chemically the presence of minor 
degrees and latency of vitamin B, deficiency are under consideration. 


TABLE VIII. Sub-acute Beri-beri. Clinical Assessment and B.B.S. Values 


Clinical evidences of B.B.S. = — 
deficiency of mg./100 grm. 0. 0 
Record. Picornell nae days in 

Vit. A. Vit. B,. Blood. C.S.F. ward. 
1,652 +++ +H 3-66 1-76 2 
1,736 +++ t+ 2-46 1:14 7 
1,796 ++ + 2-65 ae 2 
1,824 0 + 3°56 2-75 10 
1,898 + ++ 2-96 3-18 2 
1,288 + ++ 2-73 — 2 
2,000 ++ at 3°59 2-32 2 
2,131 + 44 2-28 1-09 g 
2.223 ++ ++ 3-22 — 3 
2,275 + +H 4-63 2-78 3 
2,542 + +44 3-81 2-63 2 
2,546 + 44 3°26 1-45 2 
f 2,591 + ++ 4-91 2-22 3 

” + + 4:44 —_— 8 } 
{ 2,659 + +b 4-29 2-17 2 

» + + 2-03 1-62 14 
2,677 + ++ 4-94 1-67 » 
2,726 + ++ 3:34 1-47 5 

{ 2,742 4H ++ 4-94 — 1 ) 
PY) ++ ++ 4-52 — 9 

| ” + + 4-65 161 ag | 
2,755 44 44+ 2-88 -—— 9 

” ++ _ 3-68 1-34 25 

{ 2,939 + ++ 4-32 — 2 
” —— anaes 4-55 — 6 
3,241 + ++ 3°96 — u 
2,441 4+ ++ 3:30 — 10 


Vitamin B, deficiency in diseases other than beri-beri. A valuable applica- 
tion of the chemical examination of the blood is illustrated in relation to 
disease processes complicated by vitamin B, insufficiency. The significance 
of febrile attacks in relation to the onset of beri-beri has been discussed in a 
previous paper (9). There has been a tendency in the past to regard beri- 
beri as being, in many instances, secondary to various diseases. Careful 
inquiry in such cases will often be rewarded by a history of minor manifes- 
tations of beri-beri preceding the onset of the supposedly primary complaint. 
However this may be, it is shown in Table IX that variations in B.B.S. may 
occur in the course of specific disease. 

In case 1,459, showing clinical signs of vitamin B, deficiency, the B.B.S. 

[Q.J.M. New Series No. 19] Bb 
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increased towards the terminal stages of the disease ; this finding has more 
significance when taken into consideration with the results presented in 
Table VI. Case 2,246 is of special interest since beri-beri is often held to be 
secondary to typhoid fever; whilst the initial value for B.B.S. found for 
case 2,796 is not raised in comparison with those given in Table VIII, later 
values were definitely lower. It is possible that the high value found in 
case 3,383 may not have been due to vitamin B, deficiency alone; further 
investigation, especially of the pyruvic acid content of the blood in such 


TABLE IX. Other Diseases with Clinical Signs of Hypo-vitaminosis and 
Raised B.B.S. Values 


Clinical signs of B.B.S. 
deficiency of Day = mg./100 grm. 
aaa SS no. = 


Vit. A. Vit. B,. Blood. C.S.F. 


Bronchopneumo- ae sot 3°38 Died on 

nia 3-52 12th day 
6-12 
6-48 ° 

Pulmonary tuber- oo 6-65 Not known 
culosis — sputum 
positive 

Typhoid fever. 6-36 . Died on 5th 
Widal reaction 4-95 day 
positive— B. ty- 7-04 
phosus in blood 
culture 

Bacillary dysen- 6.85 Improved 
tery 

Typhoid fever—B. 4:8 1:49 Recovered 
typhosus in blood 3-76 1-12 
culture 2-87 —_ 

Meningococcal 8-6 2:95 Still alive 
meningitis— onemonth 
proved by exam- later 
ination of C.S.F. 


Disease. Results. 


cases, is needed before these raised values can reasonably be attributed to 
lack of vitamin B,. It is significant that our attention was drawn to these 
cases on account of their poor response to treatment and their generally low 
state of nutrition. 

Dry atrophic type of beri-beri. Three cases of the dry atrophic type of beri- 
beri have been examined and the values for B.B.S. were found to be within 
normal limits. The natural history of this form of beri-beri is not yet clear, 
but an associated deficiency of vitamin A is suspected. 


Discussion 


It will be appreciated that in the progressive exploration of findings such 
as have been recorded difficulties of interpretation are bound to arise. The 
study is not yet completed, and there are lacunae evident in the earlier 
investigations owing to the impossibility of obtaining the necessary chemicals 
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locally. There is little doubt, however, of the close correlation between the 
clinical manifestations of vitamin B, deficiency and the accumulation of 
carbonyl compounds in the blood. Of these substances, pyruvic acid, or 
some easily hydrolysed compound such as phospho-pyruvic acid, is probably 
most important and may have to be specially sought for in all cases. 

Amongst the foregoing results have been recorded increased values for 
B.B.S. without associated increase of pyruvic acid. The nature of the sub- 
stances contributing to this increase has still to be determined. Formalde- 
hyde and acetaldehyde are said to occur in normal blood and have to be 
considered as part of the normal B.B.S. if, indeed, they are not increased in 
amount when raised values for B.B.S. are found. Estimations will be made 
in the next series of cases studied of the amount of acetone and aceto-acetic 
acid in the blood. It should be noted here that tests made on urines 
obtained from the acute cases of beri-beri gave negative results for acetone 
and aceto-acetic acid. Methyl glyoxal will, if present, contribute to the 
total bisulphite binding capacity of the blood. On account of the presence 
in its molecule of both aldehydic and ketonic groups its combining power 
will be greater, though according to Clift and Cook (4), not twice as great as 
that of an equivalent amount of pyruvic acid. 

Apart from the value of chemical examinations of the blood along the 
lines indicated above in determining the grade of vitamin B, deficiency in 
beri-beri, or in confirming its presence or absence in association with other 
diseases, there is an obvious application to the study of a disease such as 


epidemic dropsy where the aetiology in relation to vitamin B, deficiency 
is still a matter of doubt. 


Another aspect of this work is the relationship of the accumulated 
chemical substances to the clinical condition. It may be that the substances 
found are not themselves toxic, but that they stand in much the same 
relationship that urea does to the phenomena of uraemia. Indeed, we know 
that in some of our severer cases there is a very high level of non-protein 
nitrogenous substances in the blood. There may also be an increase in the 
‘ reducing sugar’ in the blood; but we intend to examine the nature of this 
‘ sugar ’ more in detail before making further statements on this point. There 
is also increased excretion of creatine in the urine of the more severe cases of 
beri-beri, an observation which, taken together with the localization of pain, 
cramps, and fatigue phenomena in the muscles, and the question of the site 
of production of the pyruvic acid directs attention to a re-examination of 
the relationship of vitamin B, to metabolism in muscle. The kidney has 
been shown (14) to be the only organ, apart from the brain, in which the 
oxygen uptake is lowered as a specific effect of lack of vitamin B,. This fact 
may help to explain the disturbances of nitrogen level in the blood as well 
as the derangement of the water balance which gives rise to the characteristic 
oedema. The possible relationship to symptomatology of the accumulation 
of carbonyl compounds in the cerebrospinal fluid is mentioned above as a 
problem for further study. Our observations so far have also led us to 
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suspect that there is a more profound toxaemia in the presence of appreci- 
able quantities of methyl glyoxal. 

The interplay of a number of deficiencies in the diet is believed to be of 
fundamental importance in determining the features of ‘ ordinary ’ beri-beri. 
Mainly from clinical considerations it is held that the degree of vitamin A 
deficiency materially modifies the course of the disease. Chemical investiga- 
tions are now in progress in order further to elucidate this point. 

After the foregoing report was concluded, a paper by Johnson et al. (7) 
appeared in which they give an average value for the bisulphite binding 
substances in normal human blood of 2-81 mg. (as pyruvic acid) per 100 grm. 
blood. In a number of hospital patients examined suffering from various 
diseases, including some thought to have symptoms suggestive of vitamin B, 
deficiency, they obtained ‘no true evidence of a raised level’. They conclude 
from available data that ‘there may exist in normal human blood detectable 
amounts of some carbonyl compounds other than pyruvic acid, acetone or 
aceto-acetic acid’. 


Summary and Conclusions 


1. Normal levels for the carbonyl compounds of the blood have been 
determined. The values for ‘resting’ or ‘ cured’ levels in mild sub-acute 
cases of beri-beri are not significantly different from normal. The contribu- 
tion of pyruvic acid to these values has been ascertained in a few instances. 

2. In fulminating beri-beri gross changes in the amounts of the substances 
binding bisulphite, and due mainly to pyruvic acid, have been observed. The 
pyruvic acid may be found in blood, urine, and cerebrospinal fluid. The 
presence of pyruvic acid as shown by chemical tests has been fully confirmed 
by isolation from the blood of the 2-4 dinitrophenylhydrazone of pyruvic 
acid in several cases in sufficient amounts for melting-point determinations 
and quantitative analysis. In a few of these cases methyl glyoxal has been 
found. 

3. In the dry atrophic form of beri-beri normal values are obtained. 

4. The amount of bisulphite binding substances (B.B.S.) present in the 
blood appears to follow the degree of vitamin B, deficiency as determined by 
clinical criteria. This appears to hold good for comparison of different cases 
as well as for the course of remission in any one case. 

5. A means of biochemical standardization and control of treatment by 
vitamin B, concentrates is afforded. There are indications that much larger 
doses of vitamin B, may be needed than those used hitherto. 

6. The question of the specificity of the B.B.S. determination as an index 
of vitamin B, deficiency requires further study ; but the application of these 
findings should be of assistance in differential diagnosis and in studying the 
course of diseases complicated by B, hypovitaminosis. 

7. The relationship of the chemical findings to the clinical manifestations 
of the disease is discussed. The part played by other dietary deficiencies is 
indicated with particular reference to insufficiency of vitamin A. 
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StatisticaL Norz, by E. A. G. Shrimpton 


Relation between Degrees of Vitamin B, Deficiency and the Amounts of 
B.BS. in the Blood 


The data presented in the foregoing report have been analysed statistic- 
ally. It is proposed to give a brief summary of the findings regarding the 
amount of B.B.S. in the blood and its possible association with B, deficiency 
as established clinically in accordance with the classification adopted in 
Table I. 

The sample of normal subjects, presented in Table II, appears, in so far as 
the amount of B.B.S. in the blood is concerned, to be homogeneous and not 
to depart significantly from normality. The estimate of the mean of the 
population from which this sample is drawn is 3-27 mg. of B.B.S. expressed 
as pyruvic acid in 100 grm. of blood, and the estimate of the population 
standard deviation is 0-70. 

Tables IV, VII, and VIII present samples of beri-beri patients which were 
apparently not complicated by other diseases. In Table IV are grouped 
patients suffering from the so-called ‘ acute’ beri-beri and these all present 
a high degree of vitamin B, deficiency. Tables VII and VIII cover patients 
suffering clinically from the so-called ‘sub-acute’ type of the disease. 
Table VII includes those associated with a higher degree of deficiency as 
estimated by Table I. Table VIII includes those associated with low vitamin 
B, deficiency. 

Adopting this classification of beri-beri patients it is found, applying 
Fisher’s ‘t’ test, that the amount of B.B.S. in the blood of ‘ ordinary ’ beri- 
beri patients associated with low vitamin B, deficiency (Table VIII) does not 
differ significantly from the amounts found in normal subjects. On the other 
hand, the values for blood B.B.S. in beri-beri patients associated with higher 
vitamin B, deficiency, Tables IV and VII, differ significantly from the normal 
values. ; 
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This association of vitamin B, deficiency with the amount of B.B.S. in the 
blood can be shown by classifying the observations of Tables II, IV, VII, and 
VIII into four groups according to the degree of this deficiency as demon- 
strated by clinical symptoms, and testing the result by the method of the 
analysis of variance. 
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TaBLE X. Analysis of Variance 
Degree of Vitamin B, Deficiency and B.B.S. in Blood Expressed as Pyruvic Acid 
Sums of Degrees of Mean 4 log mean 
squares. freedom. variance. variance. 


Between groups 609-8560 3 203-2853 2-6573 
Within a group 85-2002 59 1-4441 0-1837 
Total 695-0562 62 Difference (z) 2-4736 


Variance. 


The resulting analysis, given in Table X shows that the value of z is 
2-4736, whereas the 1 per cent. level of significance of z for n, - 3 and n, — 59 
has a value of 0°7101. There is therefore definite evidence of the associa- 
tion of vitamin B, deficiency with the amount of blood B.B.S. assuming that 
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the classification of clinical symptoms adopted in Table I in fact demonstrates 
the degree of vitamin B, deficiency. 

The mean values for the amount of B.B.S. in the blood corresponding to 
each group are plotted against the degree of vitamin deficiency for that 
group, and the result is shown in Fig. IV. 
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SECONDARY THRUSH OF THE BRONCHI! 
By J. F. D. SHREWSBURY. 


THRUSH is an infection of a mucous or a cutaneous surface by yeast-like 
fungi. Clinical thrush may be caused by various species of fungi belonging 
to different genera, but the commonest agent is the fungus variously known 
as Saccharomyces, Oidium, or Monilia albicans. 

Thrush is most commonly encountered in the mouth, but any mucous or 
cutaneous surface may be attacked, especially contact areas of the skin. 
Guiart (24) and Richter (53) list various uncommon localizations of thrush, 
and Shelmire (57) reviews the literature about cutaneous thrush infections 
in detail. Artault (1) examined thirty-five tuberculous cavities in the 
lungs of twenty-one cadavers and found Saccharomyces albicans on three 
occasions. Garin (18) states that thrush frequently invades the larger 
bronchi and that such localization is not generally considered to be of patho- 
genic significance. After citing cases of bronchial thrush reported by 
Parrot (48), Grawitz (21), and Schmorl (55), he records a case of bronchial 
thrush infection developing during the course of a rapidly fatal typhoid 
fever. Osler and McCrae (47), Brumpt (5), and Pinoy (50) agree that oral 
thrush is always a superficial infection, limited to the superficial layers of 
the mucosa, and that in most cases the thrush membrane can be readily 
removed without occasioning any haemorrhage. Mead (43) states that 
thrush never occurs on healthy mucous membrane. 

Although secondary thrush infections of the bronchi are not commonly 
recorded as such in medical literature, there is no doubt that such infections 
do occur, and probably more frequently than the published reports suggest. 
The wide distribution of thrush infections recorded from the human body 
shows that the causal fungi can establish themselves on any mucous surface 
under suitable conditions, and there is no reason to suppose that the 
bronchial mucosa enjoys a unique immunity. 

The term, bronchial thrush, describes a condition that will be familiar to 
all who are acquainted with the nature of thrush infections of other mucous 
surfaces. It is. therefore, unfortunate that the clinician should be confused 
by the introduction into medical terminology of the name ‘ bronchomoni- 
liasis’, which is merely a synonym for bronchial thrush. The name was 
coined by Castellani to explain his findings of yeast-like fungi in human 


1 Received November 26, 1935. 
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sputa. He called these fungi ‘Monilia’, and he postulated them as the 
causal agents of a primary disease of the bronchi, and to a lesser extent of 
the lung parenchyma, which he named bronchomoniliasis. His postulates 
have been widely accepted by workers in the countries of the Mediterranean 
littoral and in the Americas, but they have received comparatively little 
support from British workers. Although an extensive foreign literature 
has accumulated upon the alleged aetiological association of the ‘ Monilia ’ 
with primary human pulmonary disease, no proof has yet been advanced 
that these fungi are primarily pathogenic to man. Most of the reported 
cases of bronchomoniliasis resolve themselves on analysis into doubtful cases 
of secondary bronchial thrush. My own observations upon these fungi, 
which cover a period of more than three years, do not support the claims 
made for them by Castellani and his followers. I am unable to agree with 
him, either with regard to his classification of these fungi (58), or with 
regard to his interpretation of the part they play in human pulmonary 
disease. I am of the opinion that the disease of bronchomoniliasis, as 
postulated above, does not exist. Secondary bronchial thrush infections 
certainly do occur, and their recognition is of some importance. 

A critical review of the literature on bronchomoniliasis does not reveal 
any convincing reasons for the retention of this name in medical nosology. 
A primary, independent disease should exhibit some distinctive clinical and 
pathological characters; bronchomoniliasis exhibits none that cannot better 
be referred to some other well recognized disease. Castellani (6a, 66) 
recognizes two clinical types, a mild, afebrile type, and a severe, often fatal, 
type which closely resembles phthisis. His clinical descriptions are, how- 
ever, unsatisfactory. The vague picture of the mild type is equally appli- 
cable to ‘smoker’s cough’, post-nasal catarrh, or a mild pharyngitis or 
bronchitis from any one of a number of causes. The severe type so closely 
resembles phthisis, both in his descriptions and in the records of those who 
accept his postulates, that most of the reported cases can unhesitatingly be 
labelled phthisis. The diagnosis of bronchomoniliasis is ‘based on the 
absence of the tubercle bacillus and the constant presence of monilias in 
the sputum ’. He observes that ‘it is essential to remember that the mere 
presence of a monilia fungus in the sputum should never be considered 
sufficient to establish the diagnosis of primary bronchomoniliasis ’, but fails 
to supply any other criteria. 

Jacobson (30) and Sartory and Bailly (54) are unable to add any signi- 
ficant data to these descriptions. Most of the modern text-books of medi- 
cine either contain no reference to bronchomoniliasis or include merely an 
epitome of Castellani’s information. Brumpt (5) does not mention broncho- 
moniliasis although he deals with the thrush fungi in some detail. Langeron 
(36) believes that thrush fungi may invade the lung tissues of their own 
accord, but he does not agree with Castellani’s conception of their patho- 
genicity. 

The blood picture in bronchomoniliasis has been examined by numerous 
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investigators, but no distinctive changes have been observed, except by 
Grossi and Balog (22), who reported an eosinophilia up to 14 per cent. in 
some of their cases. Jourdran (34) has also reported a case of pulmonary 
mycosis in which the blood showed a definite secondary anaemia with 
14 per cent. of eosinophils. Eosinophilia is not, however, a feature of the 
true primary mycotic infections (coccidioidal granuloma, systemic blasto- 
mycosis, &c.) and the observations of other workers strongly suggest that 
Grossi and Balog were dealing with unrecognized cases of asthma. 

The pathological picture of bronchomoniliasis is even more unconvincing 
than the clinical picture. Castellani supplies neither autopsy nor histo- 
logical records of the pulmonary lesions of bronchomoniliasis. Mendelson (44) 
described what he considered to be a mycotic infection of the lungs of 
cadavers in Bangkok, but which was more probably melioidosis, unrecog- 
nized as a disease entity when he published his observations. Moinson (45) 
gives a short and vague description of the lesions which he alleges were 
produced in human lungs by thrush fungi, but his observations are of little 
significance in the absence of the microscopical demonstration of the fungus 
cells in the lesions. Boggs and Pincoffs (3) and Warr (70) have described 
what they allege to be the post-mortem picture of fatal cases of primary 
pulmonary moniliasis, but analysis of their published observations reveals 
that carcinoma of the lung was present as the primary disease in both 
instances. The absence of any pathological picture of a disease that is 
stated to be often fatal militates against the acceptance of that disease as 
a clinical entity. 

A number of contradictory serological observations have been recorded in 
connexion with bronchomoniliasis. Joekes and Simpson (33), Steinfield (60), 
Manca (41), and Hoffstadt and Lingenfelter (29) failed to find specific 
agglutinins in the sera of their cases, and Steinfield could not demonstrate 
complement-fixing antibodies. Breed (4) found specific agglutinins in the 
serum of four out of twelve cases of secondary bronchial thrush ; Hirano 
(28) found specific agglutinins for the common thrush fungus in the serum 
of some healthy children and adults, and Farah (15) found them in the 
serum of his case of bronchomoniliasis. Farah (15), Hoffstadt and Lingen- 
felter (29), and Kurotchkin and Chu (35) found specific complement-fixing 
antibodies in the sera of their cases of bronchomoniliasis. 

The serological observations about bronchomoniliasis are too few and too 
contradictory to be acceptable as evidence in support of the existence of a 
specific disease. Moreover, very few of the workers who have reported 
positive findings have made any control observations, and such an omission 
greatly detracts from the significance of their observations. There seems to 
be less doubt about the formation of specific fungal antibodies in the blood- 
serum of inoculated animals, but there is little similarity between the 
natural bronchial or pulmonary infection of man and the artificial paren- 
teral inoculation of animals; and the formation of specific fungal antibodies 
in the serum of an inoculated animal merely demonstrates that the fungal 
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cells contain antigenic substances. The demonstration of these antibodies 
has no relevant bearing upon the serology of human bronchomoniliasis. 

Quarelli (51), Pijper (49), Van den Linden (69), McKinney (40), Hirano 
(28), and Stone and Garrod (62) found specific fungal antibodies present in 
the blood-serum of inoculated rabbits. On the other hand, Fineman (16) 
and De Potter (11) failed to demonstrate them in significant titres, and 
Reimann and Kurotchkin (52) could not demonstrate any specific antibody 
formation in the serum of inoculated monkeys (Macasus sinensis). 

Hirano (28) claims to have isolated a toxin from ‘ Monilia’ cells which 
belongs to the amino group and is lethal for the rabbit by intravenous 
injection. De Potter (11) and Van den Linden (69), however, failed to 
obtain any evidence of toxin formation by these fungi. 

Grossi and Balog (22) claim to have obtained specific allergic skin 
reactions by the intradermal injection of extracts of ‘ Monilia’ into human 
cases of pulmonary moniliasis, but their observations are not convincing. 
Van den Linden (69) failed to obtain any intradermal reactions in rabbits 
and guinea-pigs that had been inoculated with killed suspensions of 
‘ Monilia ’ cells from three to six weeks previously. 

As the diagnosis of bronchomoniliasis depends upon finding the fungus in 
the sputum, it is pertinent to inquire what special features, if any, are 
associated with its presence and with what constancy it is found in human 
sputa. 

Pijper (49), after a careful study of the subject in South Africa, con- 
cluded that ‘Monilia’ are present in most sputa, but are not omnipresent. 
He further concluded that ‘ bronchomoniliasis either does not exist, or the 
majority of chronic affections of the respiratory tract must be called 
bronchomoniliasis’. My own observations confirm Pijper’s opinion. 

Jacono (31), Sur (64), Jaumain and Colard (32), Shaw (56), Henrici (27), 
Stokes, Kiser, and Smith (61), Jacobson (30), Shrewsbury (58), and numerous 
other workers have reported upon the strong Gram-positive character of 
the ‘Monilia’. Castellani (66) states that they are Gram-positive in sputum, 
an observation that I have confirmed on many occasions. It is, therefore, 
surprising to find Chyurlia (9) publishing a case of bronchomoniliasis caused 
by a Gram-negative fungus which was identified as M. krusei by Castellani 
himself. Chyurlia’s case is not, however, unique. In the cases reported 
by Boggs and Pincoffs (3) and Ellman (13) the alleged causal fungi were 
Gram-negative. 

The physical appearance of the sputum and its pus content are not 
characters of diagnostic value. Two recorded features of the sputum of 
bronchomoniliasis require to be considered here, however, namely, the 
presence of blood and the presence of small but visible masses of yeast-like 
cells. 

‘In the absence of heart disease, aneurysm, or any general dyscrasia, 
haemoptysis is nearly always indicative of pulmonary tuberculosis’ (Lind- 
say (38)). Stricker (63) concluded that soldiers attacked with haemoptysis 
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without special cause are in at least 86-8 per cent. of cases tuber- 
culous, and that tuberculosis accounts for at least 74-4 per cent. of the 
cases of haemoptysis that follow the special exercises of military service. 
In cases that originate during violent exercise, or as a consequence of direct 
injury to the thorax, about one half are not tuberculous. His observations 
probably apply with equal force to the significance of haemoptysis among 
the civilian population. Tecon (67), however, stresses the frequent occur- 
rence of haemoptysis in the absence of pulmonary tuberculosis. 

There is no evidence that the thrush fungi can invade the human body 
tissues, except in the terminal stages of cachectic diseases, and it is a well- 
attested fact that the false membrane of thrush—which is formed by the 
simple pullulation of the fungus on the surface of the human body—is only 
loosely adherent to the underlying skin or mucous surface. The expulsion 
of fragments of a thrush membrane from a bronchus is, therefore, not likely 
to occasion haemorrhage. The occurrence of haemoptysis in association 
with an alleged ‘ Monilia’ infection of the bronchi or lungs would, in con- 
sequence, rather suggest some pre-existing, underlying disease, either of the 
lungs or of the cardiovascular system. 

The presence of visible white, greyish-white, or creamy-white masses of 
fungus cells in the sputum of cases of bronchomoniliasis is recorded by 
several observers, although these fungal granules have only been seen in 
a small proportion, possibly 10 per cent., of the recorded cases of broncho- 
moniliasis. These masses may represent fragments detached from a thrush 
membrane in some cases, and, while their presence is not pathognomonic 
of a primary fungal infection, it suggests that there has been some multi- 
plication of the fungus in the lower respiratory tract. In sputa without 
visible fungal granules, microscopical examination revealed fungus cells in 
varying numbers in a proportion of the recorded cases of bronchomoniliasis ; 
but in many cases the microscopical examination was negative and the 
diagnosis was founded solely upon the cultivation of a ‘ Monilia’ from the 
sputum. While we cannot perhaps expect to see ‘ Monilia’ cells in the 
sputum of every case of alleged bronchomoniliasis, only a very occasional 
case should be negative on microscopical examination because the fungus 
cells are comparatively large, they stain easily and distinctly, and they 
cannot be overlooked if they are present even in very small numbers. As 
Topley and Wilson (68) point out, the causal agent of a bronchial or pul- 
monary infection should be visible in the sputum of most well-established 
cases of the disease, and the frequent failure to demonstrate the fungus cells 
in the records of bronchomoniliasis throws much doubt upon the existence 
of that disease. 

A therapeutic diagnosis is always dangerous. Potassium iodide is recom- 
mended by Castellani (6 a) in the treatment of bronchomoniliasis, and some 
of his followers ascribe to this drug a specific action against the ‘ Monilia’. 
Marett (42c), for example, appears to regard the drug as so specific that its 
exhibition differentiates bronchomoniliasis from pulmonary tuberculosis. 





380 QUARTERLY JOURNAL OF MEDICINE 


There is no doubt that secondary bronchial thrush infections are often 
benefited by its exhibition, but that is no justification for assuming that 
every case of pulmonary disease that is benefited by it is thereby proved to 
be a case of primary bronchomoniliasis. 

Some workers also appear to believe that if an autogenous ‘ Monilia 
vaccine improves the patient’s condition, that condition must necessarily 
have been a primary ‘ monilial’ infection; but ‘there is no warrant for 
assuming that the organism, a vaccine of which happens to give a focal 
reaction in a particular case, is aetiologically related to the case’ (Leding- 
ham (37)). 


In 1915, Boggs and Pincoffs (3) published ‘A Case of Pulmonary Moni- 
liasis in the United States’. This case is referred to in the literature of 
bronchomoniliasis as the first case of the disease to be recognized in the 
U.S.A. The patient was a woman, aged 44 years, who was found to have 
a carcinoma of the left breast with axillary metastases in May 1914. She 
was admitted to the Johns Hopkins Hospital, December 1914, where the 
diagnosis of mammary cancer was confirmed and a large, fluctuating axillary 
abscess was incised and drained. At this time there was no cough or ex- 
pectoration, but nine days later she developed a severe cough with 
profuse expectoration of reddish-grey material containing numerous my- 
cotic granules. The published description of the autopsy findings indicates 
a direct spread of the mammary cancer to the lung through the chest wall, 
and the histological description undoubtedly indicates a neoplastic invasion 
of the lung, assuming that the so-called polyblastic cells described by the 
authors were really cancer cells. The authors describe bodies in the 
pleural and alveolar exudates which they regard as ‘Monilia’ cells, although 
their description conclusively establishes that these bodies were not ‘ Monilia’ 
cells, whatever else they might be. It is noteworthy that they make no 
mention of the cultivation of the fungus from the lung tissue. However, 
they cultivated from the sputum an organism that was Gram-negative at 
all stages of its development, an observation of their own which effectually 
disposes of its being a ‘Monilia’. It is interesting to find Hamman (26) 
remarking later, about this particular case: ‘ However, Boggs tells me that, 
were he now reporting the case, he would classify it under sporothrix.’ This 
case was obviously one of carcinoma of the lung, and the authors did 
not even demonstrate that a secondary thrush infection was certainly 
present. 

Warr (70) published three cases of alleged pulmonary moniliasis, one of 
which was fatal and proceeded to autopsy. His first case, according to his 
own description, is so obviously a case of chronic phthisis that it is difficult 
to understand why it was ever published as a case of moniliasis. Apparently, 
the finding of ‘ Monilia’ cells in the sputum, both microscopically and cul- 
turally, was considered to be sufficient justification for ignoring the obvious 
clinical condition in favour of bronchomoniliasis. His second case needs no 
comment, because he admits that it was a case of syphilis, and he offers no 
satisfactory evidence in support of even a secondary bronchial thrush infec- 
tion. The case is included in the series because a ‘ Monilia’ was cultivated 
from the sputum. Warr’s third case is of considerable importance in its 
bearing upon Castellani’s postulates, because it purports to be a fatal case of 
bronchomoniliasis upon which an autopsy was performed. The patient was 
a married woman, aged 38, whose relevant personal history was concerned 
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with two attacks of pleurisy, the second occurring two years before her final 
illness. A diagnosis of phthisis was made during the second attack, and she 
went into a sanatorium for eight months, during which time her general 
health and the lung condition both improved appreciably. Radiological 
examinations showed, however, a progressive infiltration of both lungs, more 
especially the left. Immediately after her discharge from the sanatorium, 
the pulmonary condition became active, with fever, severe cough, haemo- 
ptysis, pleuritic pain, progressive dyspnoea, and signs indicative of pul- 
monary consolidation. Repeated cultural examination of the sputum at 
this time yielded a pure growth of a ‘ Monilia’ on each occasion—hence the 
diagnosis of bronchomoniliasis. Finally, about three months after leaving the 
sanatorium, the patient died from respiratory failure after a period of pro- 
found dyspnoea and extreme cyanosis. : 

An autopsy was performed and cultures were made from the lungs about 
four hours after the body had been embalmed, but no growth of ‘ Monilia’ 
was obtained. The autopsy findings and the histological report both present 
the picture of a lung cancer, and there is no mention of the finding of fungus 
cells in any of the sections examined histologically. As this is one of the 
only two reported fatal cases of alleged bronchomoniliasis on which an 
autopsy has been performed to my knowledge, I wrote to Dr. Warr asking 
for some of the autopsy material. He very kindly supplied me with a 
number of stained and mounted sections of the lung, together with several 
blocks of the lung tissue. I examined the mounted sections very carefully ; 
I cut upwards of fifty sections from the blocks and stained these by various 
methods, some of which are selective for fungus cells in animal tissues. 
I did not find a single fungus cell in any of the sections examined, or any 
evidence suggestive of a reaction to fungal invasion. In every section 
examined I found clear evidence of carcinomatosis of the lung. 

Ellman (13) published a case of alleged bronchomoniliasis in a man aged 
56, a tailor by trade. The diagnosis was based upon the microscopical 
absence of B. tuberculosis and the constant presence of alleged fungus cells in 
the sputum. These cells were consistently Gram-negative, but they were 
nevertheless accepted as ‘Monilia’ by Castellani himself, according to a per- 
sonal communication to me from the author. The fungus could not be 
isolated in pure culture, but it was thought that some multiplication 
occurred in symbiosis with the numerous bacteria that were cultivated. 
The report is illustrated with a photomicrograph of a film of the sputum, 
from which it is evident that whatever may be the actual nature of the 
bodies seen, they are certainly not ‘Monilia’. Their reaction to the Gram 
stain and the failure to cultivate them from the sputum finally dispose of 
their being ‘ Monilia ’, since these fungi grow very readily on a wide variety 
of culture media over a wide temperature range. 

Kurotchkin and Chu (35) published a case of alleged bronchomoniliasis in 
a Chinaman, aged 56. The clinical and radiological picture indicated 
phthisis, but because repeated sputum examinations were negative micro- 
scopically for B. tuberculosis and thrush cells were constantly present, a 
diagnosis of bronchomoniliasis was made. There would appear to be some 
warrant for presuming this case to be one of secondary bronchial thrush 
superimposed upon a chronic pulmonary tuberculosis, but none for reporting 
it asa case of primary bronchomoniliasis. It is noteworthy that in this case, 
as in many other similar cases in the literature, no animal inoculation tests 
were made to prove the absence of B. tuberculosis. 

Joekes and Simpson (33) reported five cases of bronchomoniliasis and one 
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case of phthisis with ‘ Monilia’ cells present microscopically in the sputum. 
Their first case presented ‘all the clinical features of pulmonary tubercu- 
losis’, but, because tubercle bacilli were not found in the sputum after 
repeated microscopical examination and ‘Monilia’ cells were constantly 
present, the diagnosis of tuberculosis was set aside. No animal inoculation 
tests were performed. Their second case would appear to have been an 
ordinary lobar pneumonia, with thrush cells accidentally present in the 
sputum, and their third and fourth cases were primarily bronchopneumonias. 
Their fifth case was one of infective endocarditis with a terminal basal pneu- 
monia and pleurisy. The lungs were not examined for the presence of 
‘Monilia’ at autopsy. These cases were reported because ‘ Monilia’ cells 
were present in the sputa, but these cells are so commonly present in human 
sputa that their mere presence is of no significance and does not even neces- 
sarily signify a secondary thrush infection. 

Jourdran (34) published a case of pulmonary mycosis in which the alleged 
pathogenic agent was a presumptive ‘Monilia’. The sputum contained 
many mycotic granules, and there was no visible oral thrush. The description 
suggests, however, that this was primarily a bilateral bronchopneumonia with 
a typhoid-like onset. Jourdran remarks that this type of onset has been 
reported in certain mycotic infections, and cites a case reported by Gou- 
gerot (20), but it is better known in association with pneumonia. There is 
some evidence that a secondary bronchial thrush infection was present in 
this case, but no evidence that a primary fungal infection was responsible for 
the condition. 

Simen (59) and Galbreath and Weiss (17) reported cases of alleged 
bronchomoniliasis which had all the clinical and radiological features of 
chronic pulmonary tuberculosis. A secondary bronchial thrush infection 
appears to have been present in the latter authors’ last case, but they supply 
no evidence of a primary fungal infection. Their finding that the fungus 
isolated from the sputum was pathogenic for rabbits and guinea-pigs has no 
bearing upon its pathogenicity for man. Most of the thrush fungi will kill 
both these animals by intravenous injection, and some of them will set up 
a transient, foreign-body irritation in the lung tissue after intrapulmonary 
injection, but they are completely unable to invade the lungs or bronchi by 
the natural route of the upper respiratory passages. These observations 
are based upon a large series of experimental animal tests that I have 
carried out with numerous strains of ‘Monilia’. No exception could be 
taken to the publication of this case as one of secondary bronchial thrush, 
but it cannot be accepted as a case of primary infection of the lung by 
a ‘ Monilia’. 


Most of the reported cases of bronchomoniliasis are cases of phthisis, with 
or without a superimposed secondary bronchial thrush. As Lindsay (38) 
remarks, mixed infections are the rule in pulmonary tuberculosis, and 
though the association of bronchial thrush with phthisis has not been com- 
monly reported, a number of instances of this association have been recognized, 
notably by MacFie and Ingram (39), Gaté and Rousset (19), and Breed (4). 
Steinfield (60) has reported the association of secondary bronchial thrush 
with bronchial asthma, and his series of cases explains the eosinophilia 
observed by Balog and Grossi in some of their alleged cases of broncho- 
moniliasis. 
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A review of the literature on bronchomoniliasis is not complete without 
reference to the work of de Magalhaes (10) on a fungal infection of the 
lungs which appears to be fairly common in Brazil and is often fatal. He 
has undoubtedly established the existence of a new pulmonary mycosis, 
which appears to be confined to Brazil at present and to be related to the 
North American fungal disease of systemic blastomycosis. The disease dis- 
covered by de Magalhaes is in no way related to Castellani’s broncho- 
moniliasis, although some of the latter’s supporters appear to think that the 
acceptance of the Brazilian disease as a clinical entity establishes the inde- 
pendence of bronchomoniliasis. 

The only positive facts that emerge from a detailed study of the literature 
on pulmonary moniliasis are that (a) yeast-like fungi are present in the 
sputum in many cases of human pulmonary disease, and (b) potassium iodide, 
with or without concomitant autogenous vaccine treatment, exerts an in- 
hibitory effect upen the multiplication and persistence of the fungi. These 
facts afford no proof that the fungi are causal agents of human pulmonary 
disease, but they require examination in view of the special claims made for 
the ‘Monilia’. In the following account of original investigations under- 
taken in England to elucidate the above findings, I have assumed that the 
presence of yeast-like fungi in human sputum has been given the same sig- 
nificance in the literature as the finding of proved ‘ Monilia’. 


The Distribution of ‘ Monilia’ in Nature 


Castellani (6a) states that species belonging to the genus ‘ Monilia’ 
(Persoon) exist saprophytically in nature. This is true of Persoon’s 
‘Monilia’, but it does not apply to Castellani’s ‘ Monilia’, which have no 
relationship to Persoon’s mould-like fungi, several of which are plant 
pathogens. 

Emig (14) carried out a very thorough investigation into the natural dis- 
tribution of the ‘ Monilia’, during which he examined 850 samples of vegeta- 
tion and failed to secure a single culture of ‘ Monilia ’. 

I examined a small series of samples of soil, decomposing wood and other 
vegetation, and fruits without finding any ‘ Monilia’ present. My series is 
too small to be of much value, but taken in conjunction with Emig’s observa- 
tions it indicates that the ‘ Monilia’ are not widely or commonly distributed 
in nature. 

Castellani (6a) states that his ‘ Monilia ’ are extremely common in Ceylon 
tea-dust. I was not able to obtain samples of this dust, but I examined six 
samples of tea without obtaining a ‘ Monilia’. My series is, however, too 
small to controvert his observation. 

Pijper (49) isolated a small number of ‘ Monilia’ from milk in South Africa, 
and Marett (426) apparently finds them commonly present in milk in Jersey. 
I examined 100 samples of milk for ‘Monilia’. The samples were collected 
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in sterilized bottles, securely corked, so that there was no likelihood of air- 
born or dust-born contamination during transit to the laboratory. 63-0 per 
cent. of these samples yielded positive cultures of fungi, and ‘ Monilia’ were 
isolated from 34-0 per cent. 

Although there is at present no evidence that the ‘ Monilia’ are widely 
distributed in nature, they appear to be commonly present in milk and 
possibly also in tea-dust. Milk and tea are common human beverages, 
and through their use these fungi may frequently gain entrance to the 
human buccal cavity. It is possible, also, that there are other common 
articles of food that normally harbour and serve to disseminate these fungi. 


The Distribution of ‘ Monilia’ in the Healthy Human Respiratory Tract 


Tanner et al. (65) examined swabs from 1,002 normal throats and obtained 
cultures of yeast-like fungi in 10 per cent. 

I examined fifty swabs from the mouths of new-born babies whose ages 
ranged from a few hours up to fourteen days. I failed to obtain a single 
culture of a yeast-like fungus from this series. I should add that all the 
babies were healthy and vigorous; all were breast-fed, and no case of oral 
or vaginal thrush occurred amongst the babies or their mothers during the 
course of the investigation. It would have been of interest to repeat the 
examination on a series of bottle-fed infants, but the necessary facilities were 
unfortunately not available. 

I next examined 140 oral and throat swabs collected from healthy adults. 
12-8 per cent. of these yielded positive cultures of yeast-like fungi, and 
‘Monilia’ were obtained in 8-5 per cent. 

During the winter of 1929 the discovery of a case of diphtheria in one of 
the Surgical Wards of the Queen’s Hospital, Birmingham, necessitated the 
collection of eighty swabs from adults whose ages ranged from 18 to 72 years. 
Parallel cultures made from these swabs for ‘ Monilia’ yielded 7-5 per cent. 
positive isolations. 

During the four years from 1928 to 1932, inclusive, I examined over 1,000 
nasal swabs collected from patients attending the Queen’s Hospital. Parallel 
examinations of all these swabs were made for ‘ Monilia’. On one occasion 
only a ‘ Monilia’ was isolated. 

Finally, I swabbed my own mouth and the mouths of three assistants 
every week-day for four weeks. Eight positive cultures of yeast-like fungi, 
five of which were presumptive ‘ Monilia’, were obtained. All the ‘ Monilia’ 
were obtained from the same individual. 


The Incidence of ‘ Monilia’ in Tuberculous Sputum 


Manca (41) isolated ‘ Monilia’ from 26 per cent. of fifty sputa, and found 
an inverse ratio present between B. tuberculosis and ‘ Monilia’. 
Marett (42a) isolated yeast-like fungi from 63-6 per cent. of positive tuber- 
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culous sputa. The same worker (426) found ‘ Monilia’ present in 13 per 
cent. of 841 sputa. In the same report he remarks that in three out of 
every four cases of chronic lung infection in Jersey—1927-9, inclusive—the 
sputum contained ‘ Monilia’, and that in 1929 ‘Monilia’ was present in 
every tuberculous sputum. His observations unwittingly confirm Pijper’s 
opinion that the ‘ Monilia’ are not of primary significance, unless we are 
prepared to label every case of chronic lung disease as bronchomoniliasis. 

I examined 253 positive tuberculous sputa for ‘Monilia’. Only thirty- 
nine specimens, however, could be collected with sufficient precautions to 
eliminate the possible contamination of the specimen with ‘ Monilia’ from 
the oral cavity or from extraneous sources. A standard loopful was removed 
from each sputum for culture. The findings are tabulated below. 





TABLE I 
Yeast-like Cultures of Possibl 
Source of sputa. No. of speci- fungi pre- presump- npo See 
mens. sent micro- tive . tne: 
scopically. <‘Monilia’. — 
% % % 
Univ. Pub. Health Lab. 214 15-4 62-6 7-9 
Queen’s Hosp. Bact. Lab. 39 7:7 56-4 2-5 
Total 253 14-2 61-6 7-5 


The presumptive cases of secondary bronchial thrush were all cases in 
which mycotic granules were visible in the sputum. The total percentage 
in the above table is certainly too high, due possibly to multiplication of the 
fungi in the expectorated sputum during transit to the laboratory. The 
percentage of the Queen’s Hospital specimens is more probably correct. On 
the other hand, the percentage of positive ‘ Monilia’ isolations is too low; if 
a larger inoculum had been taken the percentage would have been much 
higher, probably between 80 and 90. 

Pijper (49) found typical ‘ Monilia’ in more than 50 per cent. of the sputa 
he examined, and he was able to demonstrate yeast-like cells in 53-7 per 
cent. of sixty-seven consecutive samples. 

Marett (42a), after testing the reaction of numerous samples of sputa, 
records some observations that are difficult to follow, but he appears to state 
that both B. tuberculosis and yeast-like fungi may be present in the same 
sputum. When the sputum is alkaline this association is invariably present ; 
when it is acid yeast-like fungi only may be present. Manca’s observations 
on the association of B. tuberculosis and ‘ Monilia’ have been previously men- 
tioned. The following experiments were carried out to test the validity of 
Marett’s and Manca’s conclusions. 


Technique of Examination 


The sputum was thoroughly emulsified in distilled water with an observed 
pH of 7:0. After sedimentation of the debris, the pH of the supernatant 
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fluid was determined. Ninety samples of tuberculous sputum and seventy- 
nine samples of non-tuberculous sputum were tested in this way. On 
eighty-eight samples of tuberculous sputum a rough count was made of the 
number of tubercle bacilli per microscope field, in order to determine whether 
there was any correlation between the number of tubercle bacilli, the pre- 
sence or absence of yeast-like fungi, and the pH of the sputum. Practically 
half of the tuberculous sputa had a reaction lying between pH 6-5 and 7:4, 
i.e. a reaction bordering on neutrality. ‘Monilia’ was present in 66-6 per 
cent. of the acid sputa and 62-0 per cent. of the alkaline. The difference is 
obviously insignificant. My findings therefore failed to show any correlation 
between the reaction of the sputum and the presence of ‘ Monilia’ in tuber- 
culous sputa. 

More than half of the seventy-nine non-tuberculous sputa had a reaction 
bordering on neutrality. ‘Monilia’ were present in 61-5 per cent. of the 
acid and 47-5 per cent. of the alkaline sputa. Here, also, the difference is 
not of significance, although it suggests that if there is any association be- 
tween the reaction of the sputum and the presence of ‘ Monilia’, such as 
Marett claims to have found, it would appear to be a feature of non-tuber- 
culous and not of tuberculous sputa. 

The results of the third experiment are tabulated below. 


TaBLeE II 
Average no. of 
No. of specimens. tubercle bacilli per 
microscope field. 

Acid sputa ‘Monilia ’ positive 30 30-6 
‘Monilia’ negative 17 26-2 

Total 47 29-0 

Alkaline sputa ‘Monilia’ positive 25 15-7 
‘Monilia’ negative 16 15-2 

Total 4] 15°5 


The above findings do not reveal any significant correlation between the 
incidence of yeast-like fungi and the number of tubercle bacilli in tuberculous 
sputa, either in acid or in alkaline sputum. 


The Incidence of ‘ Monilia’ in the Sputum and Respiratory Tract in Non- 
Tuberculous Pulmonary Disease 


De Stoecklin (12) examined 500 throat swabs from suspected diphtheria 
cases for yeast-like fungi. He cultivated ‘Monilia’ from 5-7 per cent. of 
330 positive diphtheria swabs and from 10-5 per cent. of 170 negative swabs. 

Bertarelli and Calamida (2) examined fifty tonsils, twelve of which were 
normal tonsils removed from fresh cadavers, while the remainder were 
hypertrophied tonsils removed at operation. Their microscopical findings 
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are inconclusive, but they obtained four cultures of yeast-like fungi from 
forty-four tonsils cultivated. 

Grover (23) remarks on the large proportion of routine throat cultures 
that contain yeast-like fungi, but he does not give any statistics. He con- 
cludes that yeast-like fungi are a factor in the production of anginas, either 
alone or in association with B. diphtheriae. 

Farah (15) examined the sputum of sixty-seven cases of chronic catarrh. 
He isolated ‘ Monilia’ from four of these sputa, but he also found B. twbercu- 
losis in twenty-seven cases. Apparently he did not isolate a ‘ Monilia’ from 
any of the tuberculous sputa, so that, if these are subtracted from the total 
number, he isolated ‘ Monilia’ from 16 per cent. of presumptive non-tuber- 
culous sputa. 

I examined 500 throat swabs from suspected cases of diphtheria and 
obtained 45-2 per cent. of cultures of yeast-like fungi and 20-2 per cent. of 
presumptive ‘ Monilia’, findings which indicate that the incidence of these 
fungi is considerably higher in the diseased than in the healthy throat. 

I next examined the sputum of ninety-three cases of non-tuberculous 
pulmonary disease. The patients were all inmates of the Queen’s Hospital 
and were very carefully selected to exclude the presence of a tuberculous 
lesion. Most of the cases were acute or sub-acute pneumococcal infections, 
but infections with other pyogenic cocci, B. influenzae, and Friedlander’s 
pneumobacillus were encountered. Yeast-like fungi were seen microscopi- 
cally in 9-6 per cent.; ‘Monilia’ were cultivated from 52-5 per cent., and 
3-2 per cent. were possibly secondary bronchial thrush infections. 

A comparison of these findings with those of the tuberculous sputa shows 
that there is no significant difference between the incidence of ‘ Monilia’ in 
the two types of sputum. 

It is evident, therefore, that yeast-like fungi belonging to, or allied to, 
the genus that Castellani has called ‘ Monilia’, are commonly present in 
human sputum. They are not commonly present as tissue saprophytes of 
the healthy respiratory passages, but any diseased condition of the respira- 
tory tract provides a suitable environment for their existence. In most 
instances they merely pullulate on the surface of the mucous membranes ; 
but under certain conditions they may develop a feeble parasitism and may 
invade a lung that has been severely damaged by some pre-existing disease. 
Rarely, in the terminal stages of a cachectic disease, when the host’s re- 
sistance has been completely broken down, they may enter the blood-stream 
and become generally disseminated. 

Wherever thrush develops upon a mucous surface the infection is’ charac- 
terized by the formation of a thick, creamy, non-adherent membrane. 
A thrush infection of the bronchi will not differ in this respect from one on 
any other mucous surface, and the presence of such a membrane in a bronchus 
will certainly interfere to some extent with the passage of air through the 
bronchus. Jackson (8) states that ‘obstruction of a bronchus is one of 
the fundamental factors in the aetiology of pulmonary disease; it is 
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of vital importance to the patient; it is one of the fundamental things in 
the production of physical signs’. He divides the types of bronchial 
obstruction into three classes, represented mechanically by a stop-valve, a 
check-valve, and a by-pass valve, each of which may be caused by the 
accumulation of a secretion in the bronchi. The type of obstruction is 
determined by the nature of the secretion and the size of the lumen of the 
affected bronchus. 

The individual cells of the thrush fungi are comparatively large, when 
measured by microscopical standards, and the thrush membrane has an 
appreciable weight. Because of its weight and its loose attachment to the 
bronchial mucosa, it will tend to sink down into the most dependent bronchi, 
and the signs attendant upon its presence should therefore present them- 
selves at the bases of the lungs. It is noteworthy that in most of the 
reported cases of alleged bronchomoniliasis the signs were most marked at 
the bases of the lungs. 

If the membrane settles down in a small bronchus whose lumen has been 
narrowed by pre-existing disease, it may act as a stop-valve and so pro- 
duce a condition of atelectasis of the tributary lung area. Owing to the ease 
with which the membrane can be detached, however, it is very doubtful 
whether it could produce a stop-valve action in persons with an efficient 
cough reflex. In a small bronchus, and especially at the bifurcation of a 
small bronchus, it might have a check-valve effect, but in a large or a 
medium-sized bronchus it is only likely to exert a by-pass valve effect, 
owing to the ease with which it can be displaced by forceful currents of air. 
It seems most probable, therefore, that in most cases of secondary bronchial 
thrush the membrane will act as a by-pass valve. The effect upon the 
pulmonary mechanism will then obviously depend upon the degree of 
obstruction, and if this is only slight there may be little change in the 
physical signs at the chest wall. Even a slight degree of bronchial obstruc- 
tion, however, is of great importance to a patient who has a damaged lung, 
and the clinician cannot therefore afford to ignore secondary bronchial 
thrush infections, especially as they can usually be rapidly controlled by the 
exhibition of iodides or the administration of an autogenous vaccine. 

During the years 1929-33, while acting as Bacteriologist to the Queen’s 
Hospital, Birmingham, I kept a careful watch for any cases of secondary 
bronchial thrush that might be admitted to that hospital. Some hundreds 
of cases of pulmonary disease passed through the hospital during that period, 
but I was only able to collect reasonably satisfactory records of six cases, 
and in some of these the diagnosis of secondary bronchial thrush is only 
presumptive. 


Case 1. The patient was a man, aged 37, a tool-setter by trade, whose 
occupation exposed him to the constant risk of inhaling stone and metallic 
dusts. His past history and his family history were both good; there was 
no evidence of phthisis either in his family or in its collateral branches. 

He was admitted to hospital after a month’s illness manifested by fever, 
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cough, haemoptysis, night sweats, bilateral thoracic pain, slight dyspnoea, 
and general weakness and malaise. On admission he was found to be a pale, 
undernourished man (height 6 ft. 1 in. ; weight 8 stone) who looked obviously 
ill. He had a frequent cough and was expectorating 2-3 ounces of sputum 
a day. The sputum was viscid, airless, yellow in colour, and contained 
numerous small, irregular, grey, gelatinous masses ; occasionally, also, it was 
slightly streaked with altered blood. Physical examination of his chest 
yielded little information, and repeated radiological examinations only 
provided evidence of a pneumonic condition localized to a small area near 
the left base and a larger area in the upper half of the right lung. The 
blood picture showed no significant alteration and the other body systems 
showed no abnormality. He had some dental sepsis, with a badly decayed 
molar in the lower jaw, but there was no oral thrush and no evidence of 
upper respiratory tract infection. After the extraction of the molar, which 
was found to have a root abscess, his temperature subsided and he remained 
afebrile for the rest of his stay in hospital. 

Fifteen samples of his sputum were examined; all were negative for 
B. tuberculosis, both on direct examination and after concentration with 
antiformin, and an animal inoculation test was also negative. All the early 
samples showed a massive content of budding yeast cells and streptococci, 
and a ‘ Monilia’ and a beta-haemolytic streptococcus were readily isolated 
from the sputum. The small gelatinous masses were found to be composed 
entirely of fungus cells. No agglutinins for ‘ Monilia ’ could be detected in 
his blood-serum. 

In view of the sputum findings, he was given Tr. iodi, Miij in milk, bis 
die; no other treatment was given. He rapidly recovered under this 
treatment, his clinical improvement being paralleled by a progressive 
diminution of cough, expectoration, and sputum content of fungus and 
bacteria. Isaw him again two years later, when he reported that he had 
enjoyed good health in the interval and had not lost a single day’s work. 
He had had no cough, night sweats, or thoracic pain, and had gained 
4 stone in weight. Physical and radiological examination of his chest 
revealed no abnormality. 

This would appear to have been an inhalation tracheitis or bronchitis, 
due to irritant dusts, upon which a sub-acute pneumonic infection by a 
streptococcus was imposed. The pneumonic condition was finally aggra- 
vated by super-imposed bronchial thrush. When the thrush infection was 
abolished, the patient’s own natural resistance, aided by rest and freedom 
from dust inhalation, rapidly overcame the pneumonic condition. The 
apical abscess may have been a determining factor in lowering his general 
resistance and thus paving the way for the pulmonary and bronchial 
infections. 


Case 2. The patient was a man, aged 38, a sheet-metal worker by trade, 
who had had previous throat and respiratory trouble due to the inhalation 
of metallic fumes and dusts while at his work. He had suffered from 
several attacks of tonsillitis and had had a minor operation of uncertain 
nature on his throat for what he was told was a leptothrix infection. He 
had also had a severe attack of muscular rheumatism which had incapaci- 
tated him for four months. His family history revealed that his mother 
had died of phthisis when he was 19, and that one of his own two children 
had been treated for lupus in infancy. 

He was admitted to hospital primarily on account of sudden, severe, 
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painless rectal haemorrhage, but he complained chiefly of a persistent, dry, 
irritable cough which he had had for several years. On admission he was 
found to be a well-built man who had obviously been losing flesh. He had 
a short, dry, frequent, purposeless cough throughout the day, which was not 
associated with any fever, and which ceased at night during sleep. Immedi- 
ately on awakening in the morning he invariably had a sharp paroxysm of 
coughing, at the conclusion of which he expectorated a small quantity, 
about one drachm, of a tenacious, viscid, muco-purulent sputum containing 
numerous small, greyish-white, gelatinous masses. The blood showed no 
significant alteration and the W.R. was negative. The other body systems 
showed no significant abnormality to account for his respiratory condition. 
Physical and radiological examination of the chest revealed nothing of 
significance. There was a localized area of tenderness midway between the 
umbilicus and the mid-point of the right costal margin, but no abdominal 
disturbance could be discovered to account for it. His dental condition was 
good and he had no oral thrush. Rectal examination revealed internal 
piles. Examination of the upper respiratory tract showed no foci of infec- 
tion. 

Fourteen samples of sputum were examined; all were negative for 
B. tuberculosis, both on direct examination and after concentration, and an 
animal inoculation test was also negative. All the early samples showed a 
massive content of budding yeast cells and streptococci, and a ‘ Monilia’ and 
a viridans type streptococcus were readily isolated from the sputum. The 
small masses were found to be composed of budding yeast cells and occa- 
sional short filaments of pseudo-mycelium. 

In view of the sputum findings, I obtained permission to try an auto- 
genous ‘ Monilia ’ vaccine, and all other treatment was stopped. Under the 
vaccine treatment he rapidly improved and his cough and expectoration 
ceased. His epigastric tenderness disappeared with the cessation of the 
cough. He also gained steadily in weight, from 10 st. 2 lb. to 11 st. Six 
months after his discharge from hospital he reported for re-examination at 
my request. He then stated that he had enjoyed good health in the interval 
and had gained a further 6 lb. in weight. He also volunteered the informa- 
tion that this period was the first time in sixteen years that he had not 
missed a day’s work over a period of six months. One year later he again 
reported for re-examination. He had enjoyed good health in the interval, 
had remained continuously at work, and had gained a further 3 lb. in 
weight. He was thoroughly examined clinically and radiologically and 
nothing abnormal was found. Two years after his illness he was admitted 
for operative treatment of his piles. He was then in good general health 
and made a rapid recovery from the operation. One year later he informed 
me, in reply to a letter of inquiry, that he was in good health, had no 
cough, and had not lost a day’s work through ill health. 

Though this case is not certainly one of secondary bronchial thrush, the 
evidence suggests that a thrush infection played some part in his illness. 
His ill health would seem to have commenced as a pharyngitis or bronchitis 
due to the inhalation of irritant metallic fumes. His family history suggests 
a possible tuberculous diathesis, and a latent pulmonary infection may have 
determined his sensitivity to the inhaled metallic fumes. The so-called 
leptothrix infection may have been an atypical thrush infection. There 
seems to be no doubt that a ‘ Monilia’ was multiplying in his lower respira- 
tory tract in association with a streptococcus when he was admitted to 
hospital, and the paucity of the clinical signs and the absence of any radio- 
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logical abnormality indicate that the lung tissue was not affected. The 
epigastric tenderness was apparently a referred phenomenon. 


Case 3. The patient was a man, aged 40, who was found after his admis- 
sion to hospital to be suffering from neoplastic disease of the lung. His 
symptoms, which commenced about four months before admission, com- 
prised paroxysmal cough and vomiting, rapid and progressive loss of weight, 
and increasing weakness and lassitude. 

On admission his tongue was seen to be covered with a short, dry, white 
fur, and numerous fissures were visible on the dorsum near the mid-line. 
He expectorated after each paroxysm large and increasing amounts of a 
dark-brown, foul-smelling fluid which consisted of muco-pus and altered 
blood. His condition steadily retrogressed during his stay in hospital and 
eventually, at his own urgent request, he was allowed to return home, where 
he died soon after in an advanced state of emaciation. Permission for an 
autopsy was refused. 

Sixteen samples of sputum were examined ; all were negative for B. tuber- 
culosis, and an animal inoculation test was also negative. The sputum did 
not contain any visible mycotic granules, but micrescopical examination 
revealed enormous numbers of budding yeast cells in every sample examined. 
Streptococci were also present in large numbers. A yeast-like fungus, not a 
‘Monilia ’, and a viridans type streptococcus were readily isolated from the 
sputum. Examination of scrapings from the surface of the tongue showed 
that the fur was composed of dense, felted masses of leptothrix filaments, 
among which an occasional yeast cell and large numbers of oral bacteria 
were entrapped. No agglutinins for the yeast could be detected in the 
patient’s blood-serum. 


This is a straightforward case of pulmonary neoplasm with a super- 
imposed secondary bronchial thrush infection and probably also an infection 
of the lung parenchyma. The absence of an oral thrush infection indicates 
a multiplication of the fungus in the lower respiratory tract. The few cells 
found in the tongue fur were evidently cells that had been deposited from 
the sputum and retained. 


Case 4. The patient was a nulliparous married woman, aged 49. Her 
family history was not significant, but her past history was a record of 
chronic ill health due, chiefly, to repeated attacks of tonsillitis and to 
rheumatic fever at the age of 18. She was admitted to hospital complain- 
ing of acute dyspnoea and severe thoracic pain of ten days’ duration. The 
day before her admission she developed a cough, accompanied by the expec- 
toration of small amounts of a viscid, blood-stained sputum. On admission 
she was found to be extremely dyspnoeic, cyanotic, and febrile. Her tongue 
was densely coated with a brownish-yellow fur; the soft palate was covered 
with yellowish crusts ; the tonsils were much enlarged, much fissured, and 
covered with yellow crusts; and there was much dental sepsis. The clinical 
findings may be omitted, because she died fifteen days after admission, from 
sudden cardiac failure, and the autopsy findings are available. 


Autopsy Report. The body is that of a well-nourished, well-developed 
woman. The pleurae show adhesions, and both cavities contain about one 
pint of a sero-fibrinous exudate. Both lungs show partial collapse with 
congestion and oedema, but there is no evidence of pneumonia. The larger 
bronchi and the lowest third of the trachea contain a sticky, gelatinous, 
yellowish-white secretion. The pericardium contains a small quantity of 
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sero-purulent fluid and there is a fibrinous pericarditis with a thick deposit 
of fibrin on both layers of the pericardium. The heart is enlarged, due to 
hypertrophy and dilatation of both ventricles. There is no evidence of 
endocarditis, either old or recent. Except for the presence of several large, 
faceted stones in the gall-bladder, the peritoneal cavity and the viscera 
show no significant pathological features. The uterus contains a fibroid 
tumour and the right fallopian tube is swollen and contains a small quantity 
of thick pus. The nasal sinuses, mastoid antra, and cranium show no 
abnormalities. 

Microscopical examination of scrapings taken from the tongue and soft 
palate during life showed large numbers of budding yeast cells and short 
filaments of pseudo-mycelium mixed with a variety of bacteria, among which 
streptococci predominated numerically. The fungus was easily cultivated 
from the tongue, tonsils, and soft palate, and proved to be a ‘ Monilia’. 
Microscopical examination of the bronchial secretion revealed a similar 
fungal picture ; but bacteria were only present in small numbers, and these 
were chiefly staphylococci. The fungus was easily isolated from the 
bronchial secretion. Microscopical examination of the pleural and peri- 
cardial fluids failed to show any fungus cells or bacteria, but the fungus was 
cultivated from both fluids. The fungus was also cultivated from several 
pieces of lung tissue removed from the immediate vicinity of the larger 
bronchi, but not from pieces removed from the periphery of the lungs. 
Microscopical examination of the pus from the fallopian tube was negative 
for both bacteria and fungi, and cultivation gave only a growth of contami- 
nating coliform bacilli. Numerous sections of the lung tissue were examined, 
but no bacteria or fungus cells were found. 

This case appears to be one of chronic streptococcal infection and toxaemia 
originating from a tonsillar focus and ultimately producing a fatal cardiac 
lesion. The autopsy findings reveal a bronchial thrush infection which was 
possibly secondary to an oral thrush, though the reverse association is also 
possible. 


Case 5. The patient was a married man, aged 55, whose occupation as a 
stoker in a bakehouse exposed him to sudden and extreme changes of 
temperature. His wife’s obstetric history strongly suggested marital syphilis 
and his W.R. was strongly positive. He was admitted to hospital as a case 
of syphilitic aortic disease, but he exhibited also an additional febrile, 
bronchial condition, manifested by a frequent paroxysmal cough and the 
expectoration of a mucoid, tenacious sputum. Physical examination of the 
chest revealed a left-sided pleuritic condition and some evidence of collapse 
at the left base. Radiological examinations showed a heart enlarged to the 
left and obliteration of the left costophrenic angle by pleural adhesions. 
The other body systems and the blood showed no abnormalities and there 
was no oral thrush. 

Twenty-two samples of sputum were examined; all were negative for 
B. tuberculosis by direct examination and after concentration, but an animal 
inoculation test was not performed. The muco-purulent sputum contained 
many small, white masses, resembling milk curds in appearance. These 
were found to be composed of budding yeast cells and filaments of pseudo- 
mycelium. Many budding cells were also lying free in the sputum, which 
contained only a few bacteria, chiefly Gram-negative cocci. The fungus 
was readily isolated from the sputum and was identified as a ‘ Monilia’. 

In view of the sputum findings, I obtained permission to try an auto- 
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genous ‘ Monilia’ vaccine. At the same time the patient was given intensive 
antisyphilitic treatment. Under the combined treatment his aortic trouble 
was much alleviated and his bronchial trouble subsided.' He was discharged 
from hospital greatly improved, with only an occasional, very slight, non- 
productive cough. 

Five weeks after his discharge, he was readmitted with an acute bronchitis 
due to a Group IV pneumococcus infection. He was expectorating large 
quantities of a muco-purulent sputum containing altered blood. Micro- 
scopical examination of the first specimen revealed a few presumptive 
tubercle bacilli and a massive content of pneumococci, but no ‘ Monilia’ 
cells were seen. During the succeeding days the sputum gradually altered 
in character, becoming more purulent and less mucoid. Although many 
samples were examined, B. tuberculosis was never found again, even after 
antiformin concentration. After a fortnight’s illness, ‘ Monilia’ cells re- 
appeared in the sputum and rapidly increased in number coincident with 
a steady diminution in the pneumococcal content. The sputum then 
reverted to its original character and mycotic granules reappeared in it. 
At no time had he any oral thrush during his second stay in hospital. 
Under antisyphilitic treatment his condition slowly improved. He was 
eventually discharged in good condition, although he still had a slight cough 
and an occasional expectoration of a pellet of mucus containing ‘ Monilia’ 
cells. 

This case exhibits several points of interest. The patient was a syphilitic 
with aortic disease who contracted two distinct, superimposed illnesses, 
separated by only a short interval of time. His first illness was possibly 
a secondary bronchial thrush infection; the second was an acute pneumo- 
coccal infection which allowed the ‘ Monilia’ to re-establish itself on the 
damaged bronchial mucosa, from which it had either not been completely 
eradicated, or which it recolonized. The isolated finding of presumptive 
tubercle bacilli is difficult to explain satisfactorily. At the time I believed 
that the bronchial trouble had reactivated a dormant tuberculous focus in 
the thorax, but I consider now that it was more probably a laboratory 
accident. 


Case 6. The patient, a man aged 67, was admitted to hospital with 
bronchopneumonia. His family history was not significant, but his past 
history revealed annual attacks of winter bronchitis for many years, and he 
was a chronic alcoholic. 

On admission he exhibited considerable respiratory distress and was 
expectorating with much difficulty large quantities of a thick, milky-white, 
curd-like sputum, which showed a marked tendency to cling round his teeth 
and gums. His mouth was in a filthy state. There was widespread dental 
decay and sepsis and advanced pyorrhoea. His tongue was thickly coated 
with a brownish fur, but he had no oral thrush. The blood showed a 
moderate polymorphonuclear leucocytosis, but no other abnormality, and 
the W.R. was negative. Examination of the sputum showed that the curd- 
like masses were composed of enormous numbers of budding yeast cells and 
occasional short filaments of pseudo-mycelium, mixed with polymorpho- 
nuclear leucocytes and large numbers of pneumococci. A ‘ Monilia’ and 
a Group IV pneumococcus were readily isolated from the sputum. Nine 
samples of sputum were negative for B. tuberculosis, and an animal inocula- 
tion test was also negative. The fur from the tongue was found to be 
composed of a mixture of desquamated epithelial cells, food debris, possible 
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tartar, and enormous numbers of oral bacteria, including leptothrix. Yeast 
cells were present in considerable numbers, but they had almost certainly 
multiplied in the extremely tenacious sputum. 

In view of the sputum findings the patient was given Tr. iodi, Niij, in 
milk, t.d.s., but although the fungal content showed an immediate, rapid 
diminution, his general condition became worse and his expectoration more 
profuse. The iodine was therefore replaced by other drugs, after which he 
rapidly improved and his expectoration dwindled to a negligible amount, 
though he still had a troublesome cough after five weeks. Six weeks after 
admission he had ten teeth extracted under local anaesthesia. After a slight 
aggravation of his pulmonary condition he made a rapid and complete 
recovery and was discharged, cured, some two weeks later. 

This case was undoubtedly a secondary bronchial thrush superimposed 
upon a primary pneumococcal bronchopneumonia. The curd-like masses of 
‘ Monilia’ cells must have been ejected from the lower respiratory passages, 
because he had no oral thrush. The failure of the iodine treatment, though 
it did reduce the fungal infection, indicates that its use is not advisable in 
every case of secondary bronchial thrush. 


The short series of cases that I have reported may not be proved cases of 
secondary bronchial thrush, but they are certainly not primary monilial 
infections. Yet they have a better claim to be regarded as such than most 
of the alleged cases of primary bronchial or pulmonary moniliasis reported 
in the literature. I have encountered many more cases of pulmonary 
disease in which microscopical examination of the sputum revealed yeast- 
like cells scattered about in small numbers, but I have excluded these cases 
because I believe that they are either merely instances of contamination 
with fungus cells from the mouth, or instances of fungal multiplication in 
the expectorated sputum after extraneous contamination. I have also 
excluded several cases in which an established oral thrush infection was 
present when the patient first came under observation. I have also ex- 
cluded many cases in which presumptive ‘ Monilia’ or other yeast-like fungi 
were cultivated from sputa that showed no fungus cells on microscopical 
examination. If I had included these cases in my series I should have had 
to list most of the cases of respiratory disease that I have investigated over 
the past nine years. 

During seven years as Bacteriologist to the Queen’s Hospital, Birmingham, 
I did not encounter a case of primary bronchial or pulmonary infection with 
any fungus other than Actinomycetes. During this period several hundreds of 
cases of pulmonary disease passed through the hospital. Some of these died, 
but in no case was any evidence of a primary monilial infection revealed at 
autopsy. The Queen’s Hospital drains an area containing well over one 
million people, though it shares the task with several other large general 
hospitals. I submit, however, that the cases of pulmonary disease seen in 
the Queen’s Hospital are a fair epitome of the general character and distri- 
bution of pulmonary disease in England, and that the absence of a single 
case of primary monilial infection of the lower respiratory tract over a period 
of seven years is conclusive proof that no such infection occurs in this 





LE LL =< ll 





SECONDARY THRUSH OF THE BRONCHI 395 


country. Haler’s (25) experience appears to have been similar to 
mine. 

Oliver (46), writing about alleged bronchomoniliasis among children in 
Jersey, postulates it as a disease entity which ‘has been described as com- 
mencing with an attack of pertussis or measles’, and incriminates it as the 
responsible agent for the not uncommon bronchial sequelae of those exanthe- 
mata. Cherry’s (7) explanation of these sequelae is, however, much more 
convincing than Oliver’s unsupported hypothesis, and there is little doubt 
that they are due to a bronchiectasis, and not to a hypothetical moniliasis. 
It is of interest, in the light of Cherry’s observations, that Tapia, Orensanz, 
and Diaz (66), in a radiological study of the lungs in fifty-seven cases of 
measles, found abnormal shadows in thirty-one. Tuberculosis was excluded 
in every case as far as possible. 

Haler (25), after commenting on Oliver’s article, concludes that pulmonary 
moniliasis is certainly not as common as Oliver asserts (that ‘ Monilia’ are 
probably present in many normal mouths); that defective technique is 
responsible for their isolation from the sputum ; and that they are only of 
pathogenic importance in relation to superficial cutaneous and mucous 
infections. Marett (42 c), replying to Haler’s criticism, states that ‘ Monilia ’ 
are invariably absent from the mouths of breast-fed infants, and commonly 
present in those of bottle-fed infants in his experience. I agree with Marett 
that ‘Monilia’ are absent from the mouths of healthy breast-fed infants as 
a rule, and the presence of these fungi in milk supports his statement in 
regard to bottle-fed infants. As Oliver is dealing with older children, living 
on a mixed diet, the significance of Marett’s remarks in his defence is not 
clear. In the same article, Marett publishes statistics which show that he 
isolated presumptive ‘ Monilia’ from 71-8 per cent. of 579 sputa, 15-5 per 
cent. of which ‘were due to a mixed infection with tubercle and blasto- 
mycete’. The only comment that appears to be called for by his figures is 
that his percentage of positive ‘ Monilia ’ isolations is rather low, in view of 
the very common presence of these fungi in human sputum. 


Conclusions 


1. The disease of broncho- or pulmonary moniliasis, as postulated by 
Castellani, does not exist in England. 

2. The fungi that Castellani has called ‘ Monilia’ are simply strains of the 
common thrush fungus. 

3. The common thrush fungus is very frequently present in human sputum, 
independent of the nature of the primary pulmonary disease. 

4. Secondary thrush infections of the bronchi occur, and their recognition 
is of importance because of the additional strain that they may throw upon 
the respiratory mechanism. 
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Introduction 


For more than sixty years the term ‘Raynaud’s disease’ was used as a 
convenient label for case after case of obscure aetiology in which pallor, 
cyanosis, pain, or gangrene of hands, feet, nose or ears, happened to be 
symptoms, prominent or otherwise. To this ‘disease’ the text-books still 
allot a separate chapter, as if the phenomenon of intermittent cyanosis of 
the extremities was a clinical entity always indicative of a single patho- 
logical process. This is confusing, and the clinical description they give 
of the syndrome is incomplete, so that uncertainty still exists even in 
the minds of some of our best physicians, while surgeons all over the world 
perform ‘sympathectomy’ operations on patients with cold hands and feet 
whether these satisfy Raynaud’s criteria or not. This confusion is well 
illustrated by a study of the Out-patient records of any large hospital, where 
several patients will probably be found with a diagnosis of ‘Raynaud’s 
disease’ who have little in common with the clinical syndrome which 
Maurice Raynaud was the first to describe. 


1 Received June 1, 1936. 
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There can be no doubt that Raynaud himself is in part responsible for 
the confusion in this subject ; he defined his syndrome clearly enough, but 
he did not abide by his own definition. His case reports illustrate well how 
attacks of cold, cyanosed fingers may occur in many different pathological 
conditions; but to these he added the notes of several patients with con- 
tinuous pallor, cyanosis, or even massive gangrene of their extremities, all of 
which by his definition should really have been excluded. It is the dramatic 
description of these latter cases which hid from so many of his readers the 
real lesson to be learnt from his thesis. From the mixture of all his thirty- 
one patients these readers evolved a convenient but mythical ‘ Raynaud’s 
disease ’—an ‘entity’ of infinite variety—which one feels sure Raynaud 
himself would be the first to admit he did not describe. 

Nearly fifty years ago Hutchinson (67) recognized clearly the true 
significance of Raynaud’s thesis, and in his writings he stressed the fact 
that ‘ Raynaud’s Phenomenon ’, as he called it, was not a clinical entity at 
all but a syndrome occurring in many different conditions. After his death 
this teaching was largely forgotten, and the muddle that resulted may be 
illustrated by quoting a few passages from the literature of the past twenty-five 
years. A careful comparison of even the first two of these references gives 
one a good idea of the divergent views that were held until E. V. Allen and 
G. E. Brown in America, Sir Thomas Lewis and G. W. Pickering in England, 
and others began working on this subject. 


‘There is no vestige of a doubt that the direct, the most active factor (in 
Raynaud’s disease) is the obliterating arteritis. ...In at least forty cases seen 
by the writer in his clinics, the toes were always affected, and he cannot 
recollect a single case in which the fingers were involved. . . . The writer has 
seen only one case in a woman, and that always seemed a doubtful one’ 
(Beck (17)). 

‘A vascular change, without organic disease of the vessels. ... The fingers 
are most often affected. Women are much more frequently affected than 
men...’ (Osler (117)). 

‘. . . to urge the further extension of the term Raynaud’s disease to 
include all gangrenes, moist or dry, symmetrical or asymmetrical, deep or 
superficial which give evidence of being due to defective vasomotor influence ’ 
(Monahan (109)). 

‘... we are convinced that there is a definite primary disease or dis- 
turbance which can be called Raynaud’s disease’ (Allen and Brown, (12)). 

‘. . . the term “ Raynaud’s disease” should be abandoned’ (Thomas 
Lewis and Pickering (101)). 


No small wonder that a student has such difficulty in understanding 
what is meant by the term, and why some physicians wish to abolish it 
altogether ! 

In an attempt to clarify the position a careful study of Raynaud’s 
original thesis is an essential step. Raynaud himself defined the pheno- 
menon thus: (I have taken the liberty of altering the order in which some 
of the sentences occur in Sir Thomas Barlow’s excellent translation) (13). 
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‘In its simplest form, local syncope is a condition perfectly compatible 
with health. Persons who are attacked with it, and who are ordinarily 
females, see under the least stimulus, sometimes without appreciable cause, 
one or many fingers become pale and cold all at once .. . the duration 
varies from a few minutes to many hours. The determining cause is often 
the impression of cold . . . sometimes even a simple mental emotion is 
enough. ... The skin of the affected parts assumes a dead white or sometimes 
a yellow colour . . . the cutaneous sensibility becomes blunted . . . the fingers 
become like foreign bodies to the subject. ... Their temperature is notably 
lowered. ... The attack is followed by a period of reaction, which is often 
very painful .. . accompanied by irritating, tingling sensations, which the 
patients compare to tingling from cold, or to the stinging of nettles. 

In the more pronounced cases, those in which the asphyxial phenomena 
predominate, the pallor of the extremities is replaced by a cyanotic colour. 
This colour offers many different shades. Sometimes it is of a bluish white 
... sometimes it is violet or slate coloured, even becoming black . . . When 
one presses on the parts thus altered in colour, the patch of dead white 
produced by pressure, in place of disappearing instantly as happens to 
a healthy extremity, takes a considerable time before recovering the colour 
of the neighbouring parts, which denotes an excessive slowness of the 
capillary circulation. ... The pulse never ceases to be perceptible in the 
arteries of the affected limbs. . . . That which gives to this malady its special 
feature is the remarkable symmetry which the lesions manifest. .. . Then 
less vivid patches appear on the cyanosed parts; they extend and join one 
another ; at the same time a vermilion colour shows itself at the margin ; 
little by little it gains ground, chasing before it the bronzed colour which 
persists longest in the parts where it commenced, that is, in the most peri- 
pheral portions. Finally, a patch of deep red is formed on the extremities 
of the fingers. This patch gives place to the normal pink colour, and then 
the skin is found to have entirely returned to the primitive condition. 

Sometimes the digits become entirely black and insensible: small phlycte- 
nulae appear upon one digit (particularly the little finger), then on another, 
always at the extremity. This phlyctenula develops, fills with sero-purulent 
liquid, breaks, and leaves the derma naked. The small excoriation which 
results from it persists for some days. ... The small ulcer cicatrices and con- 
tracts. ... This recovery is only temporary. Soon we see the same series of 
phenomena recommence either on the same digit or on another. ... At an 
advanced epoch on the pulp of all the digits a great number of small, 
white, depressed, very hard cicatrices is seen . . . the gangrene is always dry, 
and may occupy the superficial layers of the skin from the extent of a pin’s 
head up to the end of a finger, rarely more..... ‘ 


‘ Raynaud’s Phenomenon’ may, therefore, be defined as ‘ Intermittent 
pallor or cyanosis of the extremities, precipitated by exposure to cold, with- 
out clinical evidence of blockage of the large peripheral vessels and with 
nutritional lesions, if present at all, limited to the skin’. In other words, 
‘ Attacks of “‘ dead” fingers or toes, brought on by cold, without oblitera- 
tion of the pulse or massive gangrene.’ This definition is strict, and a 
proper understanding of the intermittent nature of the symptoms is essential 
for its correct. diagnosis. Lewis and Pickering have given us a physio- 
logical definition (101). They say: ‘Raynaud’s Phenomenon may be 
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defined as the active and intermittent closure of small arteries of the order 
of digital arteries, supplying the extremities; it shows itself clinically 
by discoloration of the parts affected, they become fully cyanotic or waxy 
white in colour, often numb, and their temperature falls to that of the 
surrounding air.’ 

The phenomenon occurs in ten or more conditions, details of which will be 
found later. They may be divided clinically into three main groups: 


A. When Raynaud’s phenomenon occurs alone. 


1. In normal persons exposed to cold long enough to lower the blood 
temperature. 


2. Hereditary cold fingers. 
3. Raynaud’s disease. 


4, After local injury to the hands and feet, and in workers with 
vibrating tools. 


B. When Raynaud’s phenomenon precedes, perhaps for several years, a 
condition of permanent coldness and cyanosis of the extremities. 
5. Sclerodactyly (Acrosclerosis). 


C. When Raynaud’s phenomenon is a temporary, often insignificant, 
phase in the development of gross vascular disease of the extremities. 
6. Thrombo-angeitis obliterans. 
7. Arteriosclerosis. 
8. Syphilitic arteritis. 
9. ‘Rheumatic’ (? streptococcal) arteritis. 
10. Cervical rib (a very few cases). 


11. In advanced pulmonary tuberculosis, leukaemia and polycythaemia 
vera, lupus erythematosus, malaria, chronic arsenical poisoning, &c. An 
ill-defined group needing further sub-division. 


It is important to realize that as many as seven of these different conditions 
appear in Raynaud’s thesis, a point not generally recognized. To emphasize 
this, I shall, after discussing each condition, include a short description of 
Raynaud’s patient, before reporting my own cases. 

In this review it was hoped that the term ‘ Raynaud’s disease’ could be 
avoided altogether, that we could connect his name in a general way with 
all the phenomena he described so well, and perhaps give some other title 
to the clinical entity he did not really recognize; but the term is so well 
known that it will surely continue in use whether it has any meaning or not. 
At present, confusion seems least likely to arise if the term is strictly limited 
to one, and one only, of the ten or more conditions in which Raynaud’s 
phenomenon occurs. There is considerable evidence for the existence of 
this true clinical entity which we may call ‘ Raynaud’s disease’, but only 
one of Raynaud’s own patients can be included under the title. This 
evidence will be discussed later. 
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1. Raynaud’s Phenomenon in Normal Persons who are Exposed to Cold long 
enough to Lower the Blood Temperature 


In the majority of healthy persons Raynaud’s phenomenon cannot be 
produced by exposure to cold, so long as the blood temperature remains 
normal. I have carried out several experiments on myself sitting in 
a cold bath (12° C) (53-6° F) for long periods, with an electric fan sprinkling 
ice-cold water over my back; later, I found it more satisfactory to be 
immersed in the water up to my neck and to dispense altogether with the 
ice and the fan. A few details of one of these experiments are given below. 
I am grateful for much help and advice in this matter from Dr. E. A. 
Carmichael. 

Using this method, I have found that I can lower my body tempera- 
ture approximately 2-8°C. (5° F.) in one and a half hours. So long as 
the rectal temperature remains above 35:5° C. (96° F.) the skin remains a 
natural colour, perhaps rather more red than usual. Between 35-5°-35° C. 
(96° and 95° F.) the first signs of Raynaud’s phenomenon appear and 
the skin becomes a little blue in patches, first over the dorsum of the 
hand and foot and then over the patella. Pressure on these parts pro- 
duces an area of pallor which takes longer and longer to fade away as 
the body temperature drops. When 34.7° C. (94-6° F.) is reached one is 
shivering considerably, the toes and fingers are pale blue and begin to feel 
numb; the knees and shins, the cheeks and ears are also blue in different 
degrees. One is now ‘blue and numb with cold’ and the condition 
satisfies our definition of ‘ Raynaud’s phenomenon ’. 

If one then gets into a hot bath at 41° C. (106° F.) another change in the 
colour of the skin takes place, the hands and feet become quite pale—a 
dirty yellow colour—which soon gives place to a pale slate-blue. The 
numbness of the toes and fingers increases. Temperature readings taken 
now at two-minute intervals show that the internal body temperature 
continues to fall for as long as ten minutes after entering the warm bath. 
(This phenomenon will be discussed later.) When the body temperature 
has fallen to 34:3°C. (93-6°F.) one is shivering a very great deal, so 
much so that there is difficulty in controlling one’s hands, and it is almost 
impossible to hold a cup of tea without spilling it. One’s toes and finger- 
tips have become more numb, and one’s hands, feet, cheeks, ears, and 
knees are of a pale slate-blue colour. As the body temperature rises in 
the warm bath the colour of the affected parts gradually returns to normal. 
Under these conditions I have not seen the bright scarlet colour which so 
frequently appears after an attack in the hands of patients with Raynaud’s 
disease. In these patients the temperature of the blood entering the hands 
is presumably normal, or nearly normal, at this time, while in my experi- 
ments the blood temperature did not return to normal for nearly two 
hours. 
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Patients suffering from hereditary cold fingers, and indeed all those who 
develop Raynaud’s phenomenon, say that the temperature of their bodies is 
just as important, if not more important, than that of their hands in deter- 
mining the onset of cyanosis. When their bodies are really warm attacks 
seldom develop, but when they feel chilly themselves, exposure to cold for 
quite a short period may precipitate cyanosis. Many of these patients 
complain of attacks when they dress in the morning, the time of dey when 
blood temperature is often at its lowest. In persons with hereditary cold 
fingers (Group 2), and after local trauma to the fingers (Group 4), I have 
been able to show experimentally that Raynaud’s phenomenon may be 
produced by cooling the body only a little. Details of these experiments, 
with a discussion of the literature of this part of the subject, I hope to 
publish later. 

The fall in temperature of the chilled body following immersion in a warm 
bath, has been known to physiologists for some time ; but it is perhaps not 
so generally recognized as it should be, because it has an important bearing 
on the treatment of persons suffering from ‘exposure’. The explanation is 
probably as follows: Warm water dilates the superficial vessels, but the 
extra blood thus flowing through the skin returns to the heart colder than 
ever, because the veins, through which it has to pass after leaving the skin, 
lie embedded in subcutaneous tissue which has been chilled to a considerable 
depth. This same phenomenon, a cooling of blood temperature, probably 
explains the fact that patients with Raynaud’s phenomenon sometimes say 
that after they have been out in the cold, attacks may be brought on quite 
suddenly when they first enter a warm room. These facts suggest that it 
may be important, when investigating colour changes in the extremities in 
vascular disease, to record any small changes in blood temperature which 
may take place. Many observers make a record of room temperature 
during their experiments, but these results suggest that it is the effect of 
this on blood temperature which really matters. 

Lewis (98) has shown that ‘when a normal subject is exposed to cold, 
arteries like the digital narrow under two influences; they constrict as a 
direct reaction to cold, and because vasomotor nervous tone increases’. 
He touches the fringe of this discussion when he says (97), ‘ the circulation 
cannot be brought to a state of arrest locally in normal people, though 
it is clear from the tints assumed by the skin that it can be brought 
close to arrest, by exposing the body and limb to cold’. This is so, 
while the body temperature remains nearly normal, but the experiments 
I have just described suggest that even more complete obstruction to 
the peripheral circulation may occur if the body temperature falls by several 
degrees. This is probably a protective mechanism which may perhaps be 
illustrated by taking a purely hypothetical case of a single limb exposed to 
extreme cold. A leg, protruding from a tent in a snowstorm, will first 
become bright red—a protective response of the skin to over-cooling, a dila- 
tation of the capillaries and other minute vessels, probably due to the 
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liberation of histamine. Later, if exposure of the limb continues, the tem- 
perature of the whole body will fall considerably and life itself will be 
endangered. It is now that the mechanism we have been discussing comes 
into play. As body temperature falls, constriction of the digital arteries 
becomes more and more complete until ‘ Raynaud’s phenomenon ’ develops, 
and, later, in an extreme case, the life of the individual is only saved at the 
expense of the end of the limb which may freeze (frost-bite). 


2. Hereditary Cold Fingers 


Many healthy young persons find that one or more of their fingers go 
white and numb when they wash in cold water or go bathing. This is the 
simplest and commonest type of Raynaud’s phenomenon, and Raynaud 
himself gave an excellent description of a case of this type (see below). 
The syndrome is so common, and often so slight that, until recent years, few 
cases were published in detail. Both sexes are affected, males almost as 
often as females. Other members of the patient’s family may also suffer 
from ‘ poor circulation’ (101). Chilblains have occurred in childhood in 
about one quarter of the cases, but as this is in the same proportion as in 
Groups 3 and 5, it is of little or no value in diagnosis. The onset is 
usually during childhood, often about the eighth year. 

Thus three points already differentiate these patients clearly from those in 
Group 3 (Raynaud’s disease), in which males are very rarely, if ever, affected, 
a family history of similar trouble is unusual, and the average age of onset 
is 30. Lewis, White, and other authors believe them to be different 
degrees of the same pathological process; but these three differences—sex, 
family history, and age of onset—suggest that Groups 2 and 3 are fundament- 
ally distinct. 

The attacks are brought on by cold. This cold may be in any form— 
‘ washing in cold water’, ‘ swimming’, ‘ dressing in the morning’, ‘ especially 
when doing long hair’, ‘holding a tumbler of cold water’, ‘hanging out 
newly washed linen’, ‘ peeling vegetables’, ‘at needlework or playing the 
piano on a cold day’, ‘ touching cold sheets while bed-making in the morn- 
ing’, ‘cycling in frosty weather’, ‘holding the steering-wheel of a car’, 
‘ walking, or wheeling a pram, on a cold day, especially with tight gloves on, 
or when holding a parcel by the string’. In no case in this group have we 
found emotion to be a precipitating factor. In a few cases attacks have been 
brought on by meals; this may be due partly to the handling of cold knives 
and forks, and partly to the diminished blood-supply to the extremities 
during digestion. 

The attacks themselves vary from a slight pallor of one finger-tip to 
cyanosis and numbness of all the fingers of both hands. The commonest 
finding is a pallor or slight cyanosis of one or two fingers of each hand, often 
symmetrical, but not necessarily so. The affected fingers are described as 
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‘feeling cold ’, ‘ going white’, ‘waxy’, ‘numb’, or ‘dead’; marked cyanosis 
is comparatively rare. If the attack lasts for more than twenty minutes 
the affected fingers become numb. In none of our patients were the hands 
‘clammy’. Ifa finger is pricked during an attack it does not bleed. The 
feet are affected in about 50 per cent., but less severely than the hands, 
a difference due in part to the fact that stockings or socks, boots or shoes 
are worn. The nose and ears,are rarely involved. The attack lasts as long 
as the hands and body remain cold. When warmth is applied in any form 
—hot water, hot air (asin front of a fire) or by friction—the fingers quickly 
recover their normal colour. During recovery the patient may complain of 
‘tingling’ and ‘ pins and needles’ in the affected digits. 

Between attacks the fingers of these patients present no marked nutri- 
tional changes, but ‘chaps’ or cracks at the finger-tips may cause acute 
discomfort during cold weather. Whitlows do not appear more frequently 
than in normal persons, and sclerodactyly does not occur. 

Progress: When adult life is reached the condition usually remains 
stationary ; sometimes it improves, or it may even disappear; very rarely 
does it progress to cause any serious trouble or interfere with work. 

Treatment: To avoid cold in any form, especially cold water, is all that 
is usually needed. Washing up, peeling vegetables, or gardening in cold 
weather should be left to others. Warm clothing is essential. The tem- 
perature of the body as a whole is almost more important than that of the 
hands and feet; the temperature of a living-room should be about 23° C. 
(73° F.). Gloves should be loosely fitting, and especially thick round the 
_ wrists and over the palms and fingers; they should slip on and off easily 
with no button or strap to undo. They should also be long and overlap the 
coat-sleeves, so that no ring of bare skin is exposed at the wrist. Many 
gloves on the market are unsuitable, especially those made of wool with an 
open mesh, and those with thick fur over the dorsum of the hand and only 
a thin layer of leather over the palm. For people who work with their 
fingers mittens are invaluable; while for those who do not need free move- 
ment of individual fingers ‘paw gloves’ are useful, with all four fingers in 
one compartment, the thumb in another. Some patients carry a muff, 
others a small hot water bottle, and others a petrol, carbon, or electric 
heater in a handbag or pocket. Of the petrol heaters I have found that 
known as the ‘Platinum Pocket Warmer’ satisfactory, seven drachms of 
petrol keeping a pocket warm for twenty-four hours. Cracks at the ends of 
the fingers may be covered with ‘New Skin’ or with narrow strips of 
‘Elastoplast’. The skin of the fingers may be kept soft by applying a grease, 
with a melting point of at least 39° C. (103 F.), after washing and before 
going to bed at night. Trouble should be taken to avoid minor injuries 
to the fingers; when these do occur they should be carefully treated. 

For the feet, boots or shoes should be of stout construction allowing 
plenty of room for the toes, and stockings or socks should be thick and soft ; 
two thin socks often keep a foot warmer than one thick one. Tight sus- 
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penders should be avoided. For men, spats may help to keep the ankles 
warm; for women who are often unwilling to wear suitable shoes and 
stockings, soft gaiters with ‘ zip-fasteners’ give additional protection. Soles 
should be quite waterproof; many patients say that leather is warmer 
than rubber; a leather sole with a layer of rubber incorporated is perhaps 
the best. Bed socks and hot bottles are helpful at night. 

Many drugs have been recommended to relieve symptoms in the more 
severe cases. The very number of these is an indication of how few are 
really valuable. Calcium lactate or gluconate, potassium iodide, and bella- 
donna are perhaps the favourites. In a few patients physical therapy as 
described in Group (6) may be needed. Rarely, if ever, do patients of this 
group require sympathetic ganglionectomy. 


Raynaud’s Case 1. ‘ Local syncope of the most simple form.’ 

‘It corresponds to that which, in common language, is spoken of as the 
dead finger. This affection, which constitutes hardly even an inconvenience, 
and which passes often unperceived because it claims no treatment, is never- 
theless very common, and there is hardly a doctor who has not had many 
opportunities of observing it. The following is an example which has no 
other interest except that it faithfully summarizes what takes place in the 
majority of cases of the kind.’ 


‘Mme X., aged 26 years, has never been ill; but she has been the subject 
since childhood of an infirmity which makes her an object of curiosity to her 
acquaintances. Under the influence of a very moderate cold, and even at 
the height of summer, she sees her fingers become ex-sanguine, completely 
insensible, and of a whitish yellow colour. This phenomenon happens often 
without reason, lasts a variable time, and terminates by a period of very 
painful reaction, during which the circulation is re-established little by little 
and recurs to the normal state. Mme X. has no better remedy than shaking 
her hands strongly, or soaking them in lukewarm water. The index finger 
of the left hand presents a susceptibility greater than all the other fingers, 
and is often affected alone. ...’ ‘This state, which I dare hardly call a 
disease, is local syncope in its simplest form.’ 


‘B. W., aged 23, medical student, attended the National Hospital, Queen 
Square, in November 1935, complaining of ‘ cold fingers’. 

Family history: His mother, since childhood was always much troubled by 
cold weather in which her hands and feet would go pale or blue, and numb. 
This worried her so much when she went bathing that she could never learn 
to swim. His brother, an uncle and aunt, also get cold, blue, and numb 
fingers when bathing. His sister is quite normal. 

History of present condition: Since a child (aged 7) the ring and little 
fingers of both his hands have ‘gone white’ when exposed to cold. When 
very cold, as when sailing in winter, all his fingers go blue and numb. 
The same thing happens when he is bathing and stays in the water too long. 
For the past fifteen years these symptoms have persisted just the same. 
Attacks are never precipitated by emotion. No nutritional changes in the 
finger-tips ; no whitlows. 

On examination: His hands, when warm, appeared perfectly normal. 
Radial pulses normal. No sclerodactyly or scleroderma of face. Lungs, 
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heart, blood-pressure, and urine normal. Blood Wassermann negative. 
When his hands were cold (15° C. for fifteen minutes), with him sitting in a 
cool room, attacks of cyanosis of the fingers typical of Raynaud’s pheno- 
menon were produced ; this especially affected the ring and little fingers of 
each hand. 

Mrs. M. C., aged 43, housewife, attended the National Hospital, Queen 
Square, in March 1935. 

Family history: Her father had cold fingers all his life. 

Past history: Chilblains as a child, and occasionally since. 

History of present condition: As long as she can remember, when her hands 
have been cold her fingers have gone white and numb, especially the right 
index, middle, and ring fingers. When warmed again they hurt a little, 
especially after bad attacks. These attacks are much more frequent in the 
winter, but they do occur in summer too. They are not precipitated by 
emotion. Her hands are not clammy, they do not swell. She has never 
had any sores on the finger-tips. No whitlows. Her feet have been slightly 
affected at times. For many years her condition has been stationary, getting 
no better and no worse. 

On examination: A perfectly healthy person except that, when her hands 
are cold, slight attacks may be produced in the fingers typical of Raynaud’s 
phenomenon. Pulses normal. Blood-pressure normal. 


3. Raynaud’s Disease 


This condition is rare—only one patient in Raynaud’s series can be 
included under this heading, and I have been able to pick out only thirty 
more from the five hundred references in the English and American litera- 
ture since Raynaud’s thesis appeared seventy-four years ago. One finds in 
practice that it occurs more frequently than this study of the literature 
would lead one to expect, but nevertheless its diagnosis is never justified 
until every other cause of Raynaud’s phenomenon has been carefully 
excluded. 

The clinical picture of this group was defined clearly by Allen and 
Browne (10). These authors have suggested that five of Raynaud’s 
patients belong to this group: Numbers 6, 8, and 9 of his first series, with 
1 and 3 of the second series. I cannot agree with this. In Case 6 the 
trouble began almost immediately after ‘several attacks of tertian fever’. 
In Case 8 the onset was sudden, the cyanosis was not intermittent, and soon 
afterwards the patient died of phthisis. Case 9, with an enlarged spleen 
and over 100,000 white corpuscles per c.mm. of blood, almost certainly 
had leukaemia. Case 1 of the second series was a man aged 59 in whom the 
general clinical picture suggests arteriosclerosis. Case 3 of the second series 
was a woman aged 52, with a history of a stroke and temporary hemiplegia 
two years before, and in whom the cyanosis of her extremities was con- 
tinuous and not intermittent. A critical analysis of all Raynaud’s cases 
(with our definition of Raynaud’s phenomenon and its different causes in 
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wind) reveals the fact that only one of his thirty-one patients can be 
included in this group. There is an element of doubt even in this single 
patient—Case 5—owing to the close contact she had had with her mother, 
dying of tuberculosis, just before the onset of her symptoms. Lewis (101) 
and others have suggested that Raynaud’s patient number 11 is typical of 
this group, but as there was ‘almost absolute impossibility of flexing the 
digits ’, with ‘skin white and hard like parchment’, it seems that this case 
should really be regarded as one of sclerodactyly belonging to Group 5. 

These facts help us to realize that it is the ‘Raynaud phenomenon’ in 
many different diseases that Maurice Raynaud described so well; a single 
clinical entity, he did not really recognize. If we could have abolished the 
term Raynaud’s disease altogether the classification and diagnosis of these 
different conditions would have been simplified; but the term is now far 
too well known to be dropped, so let us follow Allen and Brown’s example 
from America and reserve the title for this one group. 

Females are affected almost exclusively (99 per cent.). I have not yet 
seen a case ina man. There is usually no history of similar trouble in the 
family. The average age of onset of symptoms is 30 (nearly always between 
adolescence and middle age). Hereditary cold fingers being so common— 
occurring in some slight degree in 20 per cent. of persons (101)—it must 
sometimes happen that patients who develop Raynaud’s disease in early 
adult life will give a history of having had cold fingers in childhood, or of 
having relatives with ‘ poor circulation’. These patients will nearly always 
describe how their attacks altered in character after adolescence, when the 
Raynaud’s disease developed, a change which does not occur with simple 
hereditary cold fingers alone. Allen and Brown make a duration of symptoms 
of at least two years one of their criteria for the diagnosis of this group. Of 
the precipitating factors cold, of the right degree (see Group 2), will always 
bring on an attack, and emotion will also do so in about half the cases: 
‘when nervous’, ‘ frightened or upset about anything, even on a warm day’, 
‘ when anyone is cross with me’, ‘ going anywhere nice’, ‘ any unusual occur- 
rence’, ‘when singing on the stage ’, ‘a sudden knock on the door’, ‘ when 
examined by students’, ‘apprehension before an operation’, ‘the cry of 
another patient having an epileptic fit’, ‘anything painful’, ‘when my 
husband left me ’, ‘ whenever anything reminds me of him’. 

The attacks are nearly always symmetrical—an important point in the 
differential diagnosis of this group. 

The attacks: So many accurate observations have been made and published 
by Lewis and his school on the reactions of these patients during their 
‘attacks’ that it is difficult. to acknowledge them all, or to stress adequately 
how much the study of vascular conditions in general and of Raynaud’s 
phenomenon in particular owes to their painstaking work. We have been 
able to confirm all their observations on this group of patients, and many of 
these are incorporated in the following description. 

Cold is the most important. precipitating factor. Keeping the hands in 
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cold water (15°C.) for fifteen minutes in a cool room (18°C.) is usually 
sufficient to produce an attack. In some patients sitting in a cold room 
is all that is necessary. In others, reading the paper in bed after 
breakfast with the arms exposed to ward temperature is enough. Moderate 
cooling of the body does not produce an attack if the hands are kept 
warm. When the hands are cooled it is the palms and bases of the fingers 
to which attention must be paid. So long as these are cool the finger-tips 
will be cyanosed, even though the fingers themselves are warm. With the 
palm and base of the fingers warm attacks do not occur, no matter how 
cold the finger-tips are. 

‘Reaction to overcooling’: Lewis showed that if a hand of one of these 
patients is placed in water below 10°C., an attack is not produced ; instead, 
the skin becomes fiery red. 

Colour changes: With the hands at rest, below the level of the heart, the 
fingers become blue from the start. If the hands are lifted or the fingers 
moved, blood leaves the skin and pallor—a yellowish white—results. 

The cyanosis passes through various depths, starting as a light bluish tint, 
‘dusky ’, ‘a pale violet’, and becoming a deeper blue, ‘slate blue’, ‘leaden 
colour’, ‘deep purple’. It always starts at the finger-tips and spreads 
proximally up to the base of the fingers, perhaps to the palm. Rarely, if 
ever, does it reach above the wrist. If the attack persists for a long time, 
a secondary waxy pallor replaces the cyanosis. The hands stay blue or pale 
until they are warmed. If warmed only slightly a stage is reached when 
the attack is, as it were, ‘in the balance’. During this stage warming the 
body alone may be enough to release the circulation. When the hands are 
warmed (40°C. for three minutes) the blueness begins to pass off and irregular 
red blotches appear in its midst ‘like the spots on a plaice’. Some of these 
appear, only to fade away, but in the end they coalesce until the whole 
dorsum of the hand and palm are fiery red or scarlet. Gradually this red- 
ness then spreads up each finger from base to tip, always in this direction. 
If any part of a finger is cyanosed, the distal portion is always cyanosed too. 
All the fingers do not recover at the same rate: some may be red through- 
out, while others still remain deep blue. After another hour or so this 
bright colour fades away, leaving the skin of the hand its natural tint. 

Sensory changes: Every patient complains of her fingers feeling ‘numb’ at 
the onset of an attack. Throughout the period of cyanosis some complain 
of ‘a tingling’, some of an ‘ uncomfortable sensation’, some of ‘a slight 
pain’. Severe pain is rare (10) (compare Group 5). On examination, a marked 
degree of hypoaesthesia and hypoalgesia is found if the cyanosis has per- 
sisted for more than a few minutes; it spreads slowly upwards from the 
finger-tips to the palm. There is a short latent period between the appear- 
ance of the cyanosis and the development of this sensory loss. During the 
phase of recovery, when the hands are being warmed, many complain of 
‘pins and needles’, ‘ tinglings’, ‘like nettles’, a few of ‘burning’, a ‘ fiery 
hot throbbing ’, or ‘ discomfort’. 
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Temperature changes: All patients complain that their fingers feel cold to 
the touch during the attacks, and this can be confirmed by an observer 
feeling the skin. Accurate records of the temperature of the finger-tips 
have been made by Lewis, Ross, and others. The shape of the curves 
obtained when tone of the vessels is artificially released (see Group 6) is 
especially valuable for enabling one to forecast the benefit which is likely 
to follow sympathetic ganglionectomy. (Plate 14.) 

In only one of my patients has sweating been a marked feature during 
the attacks. Occasionally this is mentioned in the literature; at other 
times the hands are stated specifically to have been dry. Swelling of the 
fingers is rare. In a severe attack local pressure on a finger leaves an inden- 
tation which takes longer to disappear than when the circulation is normal. 
The veins on the dorsum of the hands during an attack are small and the 
radial pulses are less easily palpable than when the hands are warm. Asin 
Group 2, if a finger is pricked during an attack it does not bleed. Attacks 
in the feet occur in about three-quarters of the cases, but these are usually 
slight as compared with the hands. The nose and ears are not involved in 
this group. 

Between attacks the hands are usually normal. Nutritional changes, such 
as superficial sores on the finger-tips, deformities of the nails or distal 
phalanges and whitlows are all rare. The skin of the fingers is soft. The 
radial pulses, heart and blood-pressure, lungs, abdomen, and urine were 
normal in all our cases, and in every case from the literature in which 
these points are mentioned. The nervous system is normal, except that in 
about one quarter of the published cases the patients are stated to have 
been of a ‘nervous disposition’, but this has not been so in my patient. 
The blood Wassermann reaction has been negative in every case in which it 
was recorded. ‘ 

Thus we see that the clinical picture of this group differs in five most 
important points from that given in modern text-books: (1) It has no 
definite relation to chilblains or psychoneurosis; (2) the order in which 
colour changes occur (‘syncope ’, ‘ asphyxia’, &c.) is of little or no value in 
diagnosis ; (3) haemoglobinuria never occurs; (4) the nose and ears are 
seldom, if ever, severely affected; (5) epilepsy, and transient amblyopia, 
aphasia, or paralysis, if they do ever occur, are due to something else. 

Progress: Without treatment most of these patients become steadily 
worse; some few remain stationary. Only a few improve under medical 
treatment. Sympathetic ganglionectomy helps nearly all. 

Treatment: General and local as already described in Group 2. Sympa- 
thetic ganglionectomy is indicated when the attacks cause definite distress 
or recur so frequently as to interfere with work, and when temperature 
tests suggest that there is a considerable degree of vasomotor tone 
(Ross) (126). (Plate 14.) The immediate results are excellent, but after 
some months, perhaps two or more years, slight symptoms return. When 
this occurs the patients are naturally disappointed ; but the great majority 
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insist, even several years after the operation, that their hands are better - 


than they were before it. There is not the least doubt that the opera- 
tion is well worth doing and is followed by beneficial results, but as 
Lewis has shown, it is also certain that no complete ‘cure’ is obtained. 
One month after operation, a typical attack can be produced with an 
adequate stimulus of cold, in the majority of cases, if not in all. Patients 
in whom only one side is treated will nearly always return to have the 
other done too. After bilateral cervico-thoracic ganglionectomy patients 
often return for lumbar ganglionectomy, which relieves them even more 
than does the operation for their hands. The relief from major symptoms 
is due to lifting off the vessels the burden of their normal vasomotor tone, 
so that a higher threshold of cold is needed to produce an attack. The 
‘local fault’ in the vessels themselves remains untouched, for on this the 
operation has no effect. (Plate 15.) 


Raynaud’s Case 5. Louise, a sempstress, aged 18 years, admitted April 2, 
1860. This young woman had never had any other disease than an enteritis at 
the age of 7 years.... She was not specially impressionable, and had never 
had any attack of ‘ nerves’. Her mother died, phthisical, October 27, 1857. 
During the last six weeks of her mother’s life, whilst she was bathed with 
continual sweats, her daughter slept with her, saw her die.... About a 
month after the death of her mother, Louise saw the fingers of her two 
hands become yellow as though she had had jaundice. During a time 
which she cannot precisely give there were alternations of appearance and 
disappearance of this yellow tint of the fingers; cold provoked it, it disap- 
peared in the warmth of the bed; it was accompanied with moderate pains ; 
then the coloration became black and the pains increased. . . . 

At the beginning of 1859 the feet became yellow, just as at first the hands 
had been affected. They remained yellow and painful during about three 
hours.... In the month of July 1859, she entered the Asile de la Provi- 
dence, rue Oudinot, where they are occupied in washing linen every day. 
Her condition was continually getting worse. Whenever she placed her arms 
in water they became black . .. she remedied this by placing them in the 
warmth of the bed, but at the moment of reaction she experienced a pain 
which she compared to that which nettles would produce, whilst during the 
continuance of the cyanotic tint it was rather a sensation of burning and 
shooting pains.... Ordinarily when the cyanosis appeared without obvious 
cause it was limited to the fingers, and this happened not only on exposure 
to cold, but simply when the patient got up to go into the wards.... 
Nothing abnormal was to be heard on auscultation of the lungs. . . . 

Whilst examining her as she lay in bed, I saw the commencement of an 
attack of cyanosis coming on without appreciable cause; the little finger 
was taken first, and the others soon afterwards became black in their turn. ... 
The urine was examined and gave only negative results. 

I saw her again on December 12, 1861.... The condition was sensibly 
improved. ... I found her in the middle of an attack of cyanosis which had 
lasted for two hours; the pulse was quite perceptible ; the skin of the hands 
was very cold, and of a violet tint. The attacks recur now in the feet and 
in the hands five or six times a day without any periodicity ; nevertheless 
in the moments of remission she can hold and handle a needle, which she 
could not do formerly ; she does much work in the house... . 








me © Othemowsw OR 


Ore © 


le i i 





THE RAYNAUD PHENOMENA: A CRITICAL REVIEW 413 


Mrs. H. G., aged 46, housewife, attended the Out-patient department of 
St. Bartholomew’s Hospital on March 20, 1930, complaining of her fingers 
going blue and numb on exposure to cold. 

Family history: No members of the family have cold hands. 

Past history: No chilblains. 

History of present condition: Aged 30 (1919) she first noticed that the 
middle finger of her right hand began to go white, blue, and numb when 
cold. After a while all her fingers did the same. Exposure to any cold 
would bring on an attack. ‘ Often first thing in the morning ’, ‘ out shopping’. 
Much worse in the winter but sometimes in the summer too. Emotion often 
brought on an attack. ‘If I get any sort of a shock.’ ‘When my husband 
left me.’ ‘Whenever anything reminds me of him.’ During the attacks her 
fingers go first white, then blue; at this stage they are numb. On warming, 
or swinging her arms round, they recover, tingle and go bright red. No bad 
pain. No sweating of her hands. Slight swelling of the fingers after the 
attacks. No sores on her finger-tips, no whitlows. Feet, ears, and nose 
normal. No haemoglobinuria. No stiffness of her fingers or of her face. 
For fifteen years her condition remained the same. 

On examination: Aged 46. Not ‘nervous’. B.P. 120/80. Heart, lungs, 
abdomen, nervous system, and urine normal. Radial and dorsalis pedis 
pulses normal. No scleroderma on face or trunk. Blood Wassermann re- 
action negative. 

Hands when warm normal. No sclerodactyly. 

Hands when cold (15°C. for fifteen minutes): fingers cyanosed from tips 
to bases. Hypoaesthesia and hypoalgesia demonstrated. Bright red on re- 
covery. 

‘My hands on the whole have been better during the past few years.’ 
‘I don’t give them a chance to go dead.’ ‘I’m getting accustomed to 
them.’ 


Mrs. E. W., aged 26, artificial flower maker, attended St. Bartholomew’s 
Hospital first on March 8, 1934. 

Family history: No members of her family have cold hands. 

Past history: No chilblains. 

History of present condition: Aged 25 (March, 1933) she first noticed in 
cold weather that her fingers went cold and numb, pale and bluish in 
attacks. They stayed ‘dead’ until warmed by a fire, when they tingled 
‘like pins and needles’ and became bright red. Her feet were the same, but 
less severe than her hands, and did not really worry her. That summer 
she was better, but in the winter her trouble returned, interfering with her 
work. 

November, 1933. Typical day. On the way to work in a train at 
8.30 a.m. an attack would come on. When she got to work the attack 
would still be on. She would light the fire in her office, and not until it was 
nice and bright would her fingers warm up. When she went out to lunch 
she would have another attack. She had noticed that attacks were often 
precipitated by carrying a parcel by the string. Emotion never brought on 
an attack. Ears and nose normal. No sores on her fingers. No whitlows. 
No haemoglobinuria. 

March, 1934, one year after the onset, she had to give up work for four 
weeks because of the condition of her hands. 

On examination (April, 1934): Not ‘nervous’. B.P. 130/80. Heart, 
lungs, abdomen, nervous system, and urine normal. Radial and dorsalis 
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pedis pulses normal. No scleroderma of face or trunk. Blood Wassermann 
reaction negative. 

Hands when warm normal. 

Hands when cold (15°C. for fifteen minutes) in a typical attack; all 
fingers cyanosed from their tips to their bases, the index and ring fingers 
being paler than the others. At the height of the attack the cyanosis 
extended up to the wrists. Hypoaesthesia and hypoalgesia could be demon- 
strated. The radial pulses were diminished in volume during the attack. 
On recovery (warmth) the hands became bright red for half-an-hour and 
sensation slowly returned to normal. 

She was advised to wear thicker gloves, to keep her body warmer with 
more clothes and to return to work, where she has been since. 

April, 1935, she was still at work. ‘My hands still go blue in attacks, 
but no worse than a year ago.’ 


Miss G. D.: Aged 47, secretary, was admitted to St. Bartholomew’s 
Hospital on December 8, 1933, complaining of cold hands. 

Family history: No members of her family have cold hands. 

Past history: No chilblains. 

History of present condition: Aged 22 (1908); she first noticed that in 
winter her finger-tips would go white and blue if exposed to cold; on 
recovery they became red. 

Aged 34 (1920): These attacks came on in the summer too, if the air was 
cold. 

Aged 44 (1930): Her hands were worse, and interfered now with her work, 
the attacks being more frequent and more severe. Her fingers sometimes 
‘split’. Her feet were affected, too, at this time, but not so badly as her 
hands. Her feet did not really trouble her. Ears and nose normal. No 
whitlows. No swelling or sweating of her hands. No haemoglobinuria. No 
stiffness of her face. 

On examination (December, 1933). Not ‘nervous’. Heart, blood pres- 
sure, lungs, abdomen, nervous system and urine normal. Radial and 
dorsalis pedis pulses normal. No scleroderma of face or trunk. Ray of 
neck showed no cervical rib. Blood Wassermann reaction and Sigma 
negative. 

Hands when warm normal. 

Hands when cold (15° C. for fifteen minutes) cyanosed from finger-tips to 
middle of the palm. She complained of some degree of pain; hypoaesthesia 
and hypoalgesia could be demonstrated. Accurate records of the surface 
temperatures of her fingers during an attack were made by Mr. Paterson 
Ross; they revealed a marked degree of vascular tone. 

December 11, 1933: Operation: Bilateral cervico-thoracic ganglionectomy : 
followed by immediate improvement. 

Four months later her hands ‘ still go blue in attacks when cold, but much 
less severely than before operation. These attacks are no longer painful. 
She is back at secretarial work and is comfortable.’ 

Two years after operation she writes, ‘I am glad to say that the 
result of the operation is an absolute success. I never have any pain in my 
fingers, and although at times in very cold, damp weather, they may be 
slightly discoloured for a short time, this causes me no discomfort 
at all.’ 

For reports of other cases see reference 161. 





bE cel 





THE RAYNAUD PHENOMENA: A CRITICAL REVIEW 415 


4. After Local Injury to Hands or Feet, and in Workers with Vibrating 
Tools, &c. 


Many vibrating tools may cause Raynaud’s phenomenon, but pneumatic 
drills, riveting machines, chisels, and chipping, caulking or scaling hammers 
are the most frequent offenders; shoemakers working with pneumatic 
pounding and lasting machines are sometimes affected. From the nature of 
the work it is men who suffer. After six months to three years or more, 
cyanotic attacks of the fingers appear in response to cold—intermittent 
attacks with changes in colour, temperature, and sensations typical of 
Raynaud’s phenomenon. One finger may be affected first, often that 
nearest the vibrating end of the tool; but one by one others are involved. 
Recently I have been able to examine seven riveters with this complaint. 
These men grasp the vibrating end of their pneumatic tool (about 2,500 
vibrations a minute) with the left hand, and the fingers of this hand are 
always affected first. The body and handle of the tool vibrate less than 
the end; but owing to the weight of the instrument, and the cramped 
positions in which these men sometimes work, they often change hands, and 
in all of them the right hand is affected nearly as badly as the left. The 
only factor which precipitates an attack is cold. Many of these men will 
say that the vibration of the instrument itself will make their hands go pale 
and numb, but careful inquiry reveals that this is so only on cold days. 
In limestone cutting the hammers are warm, and attacks never occur at 
work. In riveting the tool is cold; ice may form in the exhaust in winter, 
and the cold air from this blows over the hands and body of the workman. 
Emotion is not a precipitating factor. 

In the published cases very few workers have complained of any real 
discomfort ; but in the group of riveters, with whom I have had personal 
contact, many complain bitterly of the numbness and blueness of their hands 
whenever they are cold. Examination leaves no doubt that their attacks 
are really severe, and accompanied by complete sensory loss over the fingers. 
They experience great inconvenience in dressing on cold mornings, and in 
doing any fine work with their hands throughout the winter months. Callo- 
sities on the palms are common and resemble those from any other form of 
hard manual work. Nutritional changes in the fingers are veryrare. None 
of our riveters had cold fingers or chilblains before they started working with 
pneumatic tools. Their feet are normal. General examination, including 
the radial pulses, blood-pressure, urine, and Wassermann reaction, shows 
nothing abnormal. The skin of the fingers is soft and supple, except for 
callosities at points where the instrument rubs. When these men give up 
their work the attacks of cyanosis improve. Descriptions of this syndrome 
in workers with other tools have often appeared in the literature. Good 
references will be found in Hardgrove and Barker’s paper (55). 

In this same group may be included those cases of Raynaud’s phenomenon 
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following a single local injury to a digit, or to part of a hand or foot as from 
an operation, as in my case, or an injury from a fives ball (101). In these, 
as in the workers with vibrating tools, it is tempting to postulate a local 
fault in the digital or palmar arteries, a fault due directly or indirectly to 
trauma, but the exact nature of this lesion is not yet clear. 


E. H., aged 61, surgeon, attended the National Hospital, Queen Square, 
on November 23, 1934, complaining that his right index finger became 
pale and numb when exposed to cold. 

Family history: No members of his family have cold hands. 

History of present condition: Aged 27 he developed a whitlow on the 
proximal phalanx of his right index finger; this was incised freely and 
‘through and through’ drainage carried out. He recovered soon and 
remained perfectly well until he was aged 55, when he noticed in cold 
weather, when bathing, when developing photographs in a cold room, or 
when handling anything cold, especially when he himself was cold, that the 
two distal phalanges of his right index finger would become blue and numb. 
If he moved the finger about its skin became pale. These attacks on ex- 
posure to cold persisted, slowly becoming a little more marked; never 
precipitated by emotion, always by cold. They were always relieved at 
once by heat. No nutritional changes in the fingers. 

On examination: scars of the operation could be seen on the proximal 
phalanx of his right index finger, and the two distal phalanges of this finger, 
when exposed to cold, exhibited typical Raynaud’s phenomenon. All his 
other fingers were normal. Radial pulses normal. Lungs, heart, blood- 
pressure, and urine normal. No sclerodactyly or scleroderma. 


A. R., aged 30, pneumatic riveter, attended St. Bartholomew’s Hospital 
on January 23, 1936, complaining of his hands going blue and ‘dead’ on 
exposure to cold. 

Family history: No other members of his family have cold hands. 

Past history: no chilblains as a child. He smokes ten cigarettes a day. 

History of present condition: Four years ago he began to work with a 
pneumatic riveting machine inside locomotives. Two years ago he noticed, 
for the first time in his life, that the index finger of his left hand (the finger 
nearest the vibrating end of his tool) would go white or blue, and numb, 
whenever he felt cold. Slowly other fingers became involved until all the 
fingers of both his hands were affected, the left hand always being rather 
worse than the right. The attacks were only precipitated by cold. At work 
they only came on when the cold exhaust from his riveting machine blew 
over his hands. No emotional factor. 

Six of his fellow workers have exactly similar trouble. The attacks 
worry them all considerably. They have especial difficulty in dressing in 
the morning in cold weather. This particular patient suffers considerable 
pain with his attacks, both during the cyanotic stage and also during 
recovery ; but his friends do not complain of more than discomfort. In all 
of them the attacks are associated with sensory loss over the fingers. ‘When 
I cut my hand during an attack it does not hurt me and it does not bleed, 
just a little black blood oozes out.’ 

On examination: He appeared to be a perfectly healthy man except for 
the typical Raynaud’s phenomenon seen in the hands when they were cooled 
(15° C. for fifteen minutes). There were callosities on his palms from friction 











THE RAYNAUD PHENOMENA: A CRITICAL REVIEW 417 


of the instrument. No sclerodactyly or generalized scleroderma. Radial 
and dorsalis pedis pulses normal. Lungs, heart, blood-pressure, and urine 
normal. Blood Wassermann reaction negative. 

Progress: When he gave up his work for a month his hands improved 
a little. 


5. Sclerodactyly. (Acrosclerosis) 


Sellei (138) has shown that sclerodactyly occurs in two different con- 
ditions (a) ‘ Acrosclerosis’ which affects mostly the extremities—the face, 
hands, and feet. On the hands the skin of the finger-tips is the first to be 
thickened and the process spreads slowly upwards, but rarely reaches as far 
as the palm on the dorsum of the hand. (b) Diffuse ‘true scleroderma ’, 
in which the firm, thickened, smooth, hairless skin appears first on the 
trunk and limbs, and spreads distally down the arms so that the dorsum of 
the hand is involved before the fingers. In this true scleroderma Sellei 
states that vasomotor symptoms do not occur. If this is so it is only with 
‘acrosclerosis ’ that we are here concerned. 

Females are affected far more frequently than males, the proportion being 
about nine to one. The average age of onset is thirty, the symptoms in 
nearly every case beginning after adolescence and before middle age. When 
sclerodactyly is associated with Raynaud’s phenomenon cold is usually the 
precipitating factor for the attacks ; but emotion also may sometimes bring 
them on. The colour and temperature changes, sensory loss and recovery 
factors are exactly the same as those described in detail in Group 3. 

One prominent feature of the attacks in sclerodactyly is the severe pain 
so often complained of. In one-third of these patients pain is by far the 
most troublesome symptom, not only during the cyanosis, but also in the 
recovery stages :—‘ enough to make one scream ’, ‘ I often weep’. 

A permanent stiffness of the fingers is the second important feature. This 
stiffness is nearly always symmetrical and it may cause considerable incon- 
venience : ‘incapable of sewing or making any fine movement ’, ‘ difficulty 
in playing the piano’. In some cases this stiffness may not appear for some 
five years or more after the onset of nasospastic attacks. In its early stages the 
thickening of the skin may be very difficult indeed to recognize, especially 
when it is confined to the distal phalanges. Sometimes it is only when 
movements of full flexion or extension of the fingers are impaired that the 
condition can be diagnosed with certainty. By then the skin, especially 
over the distal phalanges, looks stretched, tense, and shiny, its natural 
creases have disappeared ; it is thickened, and difficult to pinch up from the 
underlying bones and joints. The finger-tips themselves may look waxy- 
white. The whole finger may be tapering and the joints apparently a little 
swollen. Many of these patients, in the early stages, complain that their 
fingers swell—two I saw had to have their rings enlarged. Later these same 
fingers shrink, so that rings may then have to be reduced in size. Sometimes 
the hands perspire profusely and are moist and clammy between attacks. 
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following a single local injury to a digit, or to part of a hand or foot as from 
an operation, as in my case, or an injury from a fives ball (101). In these, 
as in the workers with vibrating tools, it is tempting to postulate a local 
fault in the digital or palmar arteries, a fault due directly or indirectly to 
trauma, but the exact nature of this lesion is not yet clear. 


E. H., aged 61, surgeon, attended the National Hospital, Queen Square, 
on November 23, 1934, complaining that his right index finger became 
pale and numb when exposed to cold. 

Family history: No members of his family have cold hands. 

History of present condition: Aged 27 he developed a whitlow on the 
proximal phalanx of his right index finger; this was incised freely and 
‘through and through’ drainage carried out. He recovered soon and 
remained perfectly well until he was aged 55, when he noticed in cold 
weather, when bathing, when developing photographs in a cold room, or 
when handling anything cold, especially when he himself was cold, that the 
two distal phalanges of his right index finger would become blue and numb. 
If he moved the finger about its skin became pale. These attacks on ex- 
posure to cold persisted, slowly becoming a little more marked; never 
precipitated by emotion, always by cold. They were always relieved at 
once by heat. No nutritional changes in the fingers. 

On examination: scars of the operation could be seen on the proximal 
phalanx of his right index finger, and the two distal phalanges of this finger, 
when exposed to cold, exhibited typical Raynaud’s phenomenon. All his 
other fingers were normal. Radial pulses normal. Lungs, heart, blood- 
pressure, and urine normal. No sclerodactyly or scleroderma. 


A. R., aged 30, pneumatic riveter, attended St. Bartholomew’s Hospital 
on January 23, 1936, complaining of his hands going blue and ‘dead’ on 
exposure to cold. 

Family history: No other members of his family have cold hands. 

Past history: no chilblains as a child. He smokes ten cigarettes a day. 

History of present condition: Four years ago he began to work with a 
pneumatic riveting machine inside locomotives. Two years ago he noticed, 
for the first time in his life, that the index finger of his left hand (the finger 
nearest the vibrating end of his tool) would go white or blue, and numb, 
whenever he felt cold. Slowly other fingers became involved until all the 
fingers of both his hands were affected, the left hand always being rather 
worse than the right. The attacks were only precipitated by cold. At work 
they only came on when the cold exhaust from his riveting machine blew 
over his hands. No emotional factor. 

Six of his fellow workers have exactly similar trouble. The attacks 
worry them all considerably. They have especial difficulty in dressing in 
the morning in cold weather. This particular patient suffers considerable 
pain with his attacks, both during the cyanotic stage and also during 
recovery ; but his friends do not complain of more than discomfort. In all 
of them the attacks are associated with sensory loss over the fingers. ‘When 
[ cut my hand during an attack it does not hurt me and it does not bleed, 
just a little black blood oozes out.’ 

On examination: He appeared to be a perfectly healthy man except for 
the typical Raynaud's phenomenon seen in the hands when they were cooled 
(15° C, for fifteen minutes). There were callosities on his palms from friction 
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of the instrument. No sclerodactyly or generalized scleroderma. Radial 
and dorsalis pedis pulses normal. Lungs, heart, blood-pressure, and urine 
normal. Blood Wassermann reaction negative. 

Progress: When he gave up his work for a month his hands improved 
a little. 


5. Sclerodactyly. (Acrosclerosis) 


Sellei (138) has shown that sclerodactyly occurs in two different con- 
ditions (a) ‘ Acrosclerosis’ which affects mostly the extremities—the face, 
hands, and feet. On the hands the skin of the finger-tips is the first to be 
thickened and the process spreads slowly upwards, but rarely reaches as far 
as the palm on the dorsum of the hand. (6) Diffuse ‘true scleroderma ’, 
in which the firm, thickened, smooth, hairless skin appears first on the 
trunk and limbs, and spreads distally down the arms so that the dorsum of 
the hand is involved before the fingers. In this true scleroderma Sellei 
states that vasomotor symptoms do not occur. If this is so it is only with 
‘ acrosclerosis’ that we are here concerned. 

Females are affected far more frequently than males, the proportion being 
about nine to one. The average age of onset is thirty, the symptoms in 
nearly every case beginning after adolescence and before middle age. When 
sclerodactyly is associated with Raynaud’s phenomenon cold is usually the 
precipitating factor for the attacks ; but emotion also may sometimes bring 
them on. The colour and temperature changes, sensory loss and recovery 
factors are exactly the same as those described in detail in Group 3. 

One prominent feature of the attacks in sclerodactyly is the severe pain 
so often complained of. In one-third of these patients pain is by far the 
most troublesome symptom, not only during the cyanosis, but also in the 
recovery stages :—‘ enough to make one scream ’, ‘I often weep’. 

A permanent stiffness of the fingers is the second important feature. This 
stiffness is nearly always symmetrical and it may cause considerable incon- 
venience : ‘incapable of sewing or making any fine movement ’, ‘ difficulty 
in playing the piano’. In some cases this stiffness may not appear for some 
five years or more after the onset of nasospastic attacks. In its early stages the 
thickening of the skin may be very difficult indeed to recognize, especially 
when it is confined to the distal phalanges. Sometimes it is only when 
movements of full flexion or extension of the fingers are impaired that the 
condition can be diagnosed with certainty. By then the skin, especially 
over the distal phalanges, looks stretched, tense, and shiny, its natural 
creases have disappeared ; it is thickened, and difficult to pinch up from the 
underlying bones and joints. The finger-tips themselves may look waxy- 
white. The whole finger may be tapering and the joints apparently a little 
swollen. Many of these patients, in the early stages, complain that their 
fingers swell—two I saw had to have their rings enlarged. Later these same 
fingers shrink, so that rings may then have to be reduced in size. Sometimes 
the hands perspire profusely and are moist and clammy between attacks. 
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insist, even several years after the operation, that their hands are better 
than they were before it. There is not the least doubt that the opera- 
tion is well worth doing and is followed by beneficial results, but as 
Lewis has shown, it is also certain that no complete ‘cure’ is obtained. 
One month after operation, a typical attack can be produced with an 
adequate stimulus of cold, in the majority of cases, if not in all. Patients 
in whom only one side is treated will nearly always return to have the 
other done too. After bilateral cervico-thoracic ganglionectomy patients 
often return for lumbar ganglionectomy, which relieves them even more 
than does the operation for their hands. The relief from major symptoms 
is due to lifting off the vessels the burden of their normal vasomotor tone, 
so that a higher threshold of cold is needed to produce an attack. The 
‘local fault’ in the vessels themselves remains untouched, for on this the 
operation has no effect. (Plate 15.) 


Raynaud's Case 5. Louise, a sempstress, aged 18 years, admitted April 2, 
1860. This young woman had never had any other disease than an enteritis at 
the age of 7 years.... She was not specially impressionable, and had never 
had any attack of ‘nerves’. Her mother died, phthisical, October 27, 1857. 
During the last six weeks of her mother’s life, whilst she was bathed with 
continual sweats, her daughter slept with her, saw her die.... About a 
month after the death of her mother, Louise saw the fingers of her two 
hands become yellow as though she had had jaundice. During a time 
which she cannot precisely give there were alternations of appearance and 
disappearance of this yellow tint of the fingers; cold provoked it, it disap- 
peared in the warmth of the bed; it was accompanied with moderate pains ; 
then the coloration became black and the pains increased. . . . 

At the beginning of 1859 the feet became yellow, just as at first the hands 
had been affected. They remained yellow and painful during about three 
hours.... In the month of July 1859, she entered the Asile de la Provi- 
dence, rue Oudinot, where they are occupied in washing linen every day. 
Her condition was continually getting worse. Whenever she placed her arms 
in water they became black ...she remedied this by placing them in the 
warmth of the bed, but at the moment of reaction she experienced a pain 
which she compared to that which nettles would produce, whilst during the 
continuance of the cyanotic tint it was rather a sensation of burning and 
shooting pains.... Ordinarily when the cyanosis appeared without obvious 
cause it was limited to the fingers, and this happened not only on exposure 
to cold, but simply when the patient got up to go into the wards.... 
Nothing abnormal was to be heard on auscultation of the lungs... . 

Whilst examining her as she lay in bed, I saw the commencement of an 
attack of cyanosis coming on without appreciable cause; the little finger 
was taken first, and the others soon afterwards became black in their turn... . 
The urine was examined and gave only negative results. 

I saw her again on December 12, 1861.... The condition was sensibly 
improved. ... I found her in the middle of an attack of cyanosis which had 
lasted for two hours; the pulse was quite perceptible; the skin of the hands 
was very cold, and of a violet tint. The attacks recur now in the feet and 
in the hands five or six times a day without any periodicity ; nevertheless 
in the moments of remission she can hold and handle a needle, which she 
could not do formerly ; she does much work in the house. .. . 
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Mrs. H. G., aged 46, housewife, attended the Out-patient department of 
St. Bartholomew's Hospital on March 20, 1930, complaining of her fingers 
going blue and numb on exposure to cold. 

Family history: No members of the family have cold hands. 

Past history: No chilblains. ; 

History of present condition: Aged 30 (1919) she first noticed that the 
middle finger of her right hand began to go white, blue, and numb when 
cold. After a while all her fingers did the same. Exposure to any cold 
would bring on an attack. ‘ Often first thing in the morning’, ‘ out shopping’. 
Much worse in the winter but sometimes in the summer too. Emotion often 
brought on an attack. ‘If I get any sort of a shock.’ ‘When my husband 
left me.’ ‘Whenever anything reminds me of him.’ During the attacks her 
fingers go first white, then blue; at this stage they are numb. On warming, 
or swinging her arms round, they recover, tingle and go bright red. No bad 
pain. No sweating of her hands. Slight swelling of the fingers after the 
attacks. No sores on her finger-tips, no whitlows. Feet, ears, and nose 
normal. No haemoglobinuria. No stiffness of her fingers or of her face. 
For fifteen years her condition remained the same. 

On examination: Aged 46. Not ‘nervous’. B.P. 120/80. Heart, lungs, 
abdomen, nervous system, and urine normal. Radial and dorsalis pedis 
pulses normal. No scleroderma on face or trunk. Blood Wassermann re- 
action negative. 

Hands when warm normal. No sclerodactyly. 

Hands when cold (15°C. for fifteen minutes): fingers cyanosed from tips 
to bases. Hypoaesthesia and hypoalgesia demonstrated. Bright red on re- 
covery. 

‘My hands on the whole have been better during the past few years.’ 
‘I don’t give them a chance to go dead.’ ‘I’m getting accustomed to 
them.’ 


Mrs. E. W., aged 26, artificial flower maker, attended St. Bartholomew’s 
Hospital first on March 8, 1934. 

Family history: No members of her family have cold hands. 

Past history: No chilblains. 

History of present condition: Aged 25 (March, 1933) she first noticed in 
cold weather that her fingers went cold and numb, pale and bluish in 
attacks. They stayed ‘dead’ until warmed by a fire, when they tingled 
‘like pins and needles’ and became bright red. Her feet were the same, but 
less severe than her hands, and did not really worry her. That summer 
she was better, but in the winter her trouble returned, interfering with her 
work. 

November, 1933. Typical day. On the way to work in a train at 
8.30 a.m. an attack would come on. When she got to work the attack 
would still be on. She would light the fire in her office, and not until it was 
nice and bright would her fingers warm up. When she went out to lunch 
she would have another attack. She had noticed that attacks were often 
precipitated by carrying a parcel by the string. Emotion never brought on 
an attack. Ears and nose normal. No sores on her fingers. No whitlows. 
No haemoglobinuria. 

March, 1934, one year after the onset, she had to give up work for four 
weeks because of the condition of her hands. 

On examination (April, 1934): Not ‘nervous’. B.P. 130/80. Heart, 
lungs, abdomen, nervous system, and urine normal. Radial and dorsalis 
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pedis pulses normal. No scleroderma of face or trunk. Blood Wassermann 
reaction negative. 

Hands when warm normal. 

Hands when cold (15°C. for fifteen minutes) in a typical attack; all 
fingers cyanosed from their tips to their bases, the index and ring fingers 
being paler than the others. At the height of the attack the cyanosis 
extended up to the wrists. Hypoaesthesia and hypoalgesia could be demon- 
strated. The radial pulses were diminished in volume during the attack. 
On recovery (warmth) the hands became bright red for half-an-hour and 
sensation slowly returned to normal. 

She was advised to wear thicker gloves, to keep her body warmer with 
more clothes and to return to work, where she has been since. 

April, 1935, she was still at work. ‘My hands still go blue in attacks, 
but no worse than a year ago.’ 


Miss G. D.: Aged 47, secretary, was admitted to St. Bartholomew’s 
Hospital on December 8, 1933, complaining of cold hands. 

Family history: No members of her family have cold hands. 

Past history: No chilblains. 

History of present condition: Aged 22 (1908); she first noticed that in 
winter her finger-tips would go white and blue if exposed to cold; on 
recovery they became red. 

Aged 34 (1920): These attacks came on in the summer too, if the air was 
cold. 

Aged 44 (1930): Her hands were worse, and interfered now with her work, 
the attacks being more frequent and more severe. Her fingers sometimes 
‘split’. Her feet were affected, too, at this time, but not so badly as her 
hands. Her feet did not really trouble her. Ears and nose normal. No 
whitlows. No swelling or sweating of her hands. No haemoglobinuria. No 
stiffness of her face. 

On examination (December, 1933). Not ‘nervous’. Heart, blood pres- 
sure, lungs, abdomen, nervous system and urine normal. Radial and 
dorsalis pedis pulses normal. No scleroderma of face or trunk. Ray of 
neck showed no cervical rib. Blood Wassermann reaction and Sigma 
negative. 

Hands when warm normal. 

Hands when cold (15° C. for fifteen minutes) cyanosed from finger-tips to 
middle of the palm. She complained of some degree of pain; hypoaesthesia 
and hypoalgesia could be demonstrated. Accurate records of the surface 
temperatures of her fingers during an attack were made by Mr. Paterson 
Ross; they revealed a marked degree of vascular tone. 

December 11, 1933: Operation: Bilateral cervico-thoracic ganglionectomy : 
followed by immediate improvement. 

Four months later her hands ‘ still go blue in attacks when cold, but much 
less severely than before operation. These attacks are no longer painful. 
She is back at secretarial work and is comfortable.’ 

Two years after operation she writes, ‘I am glad to say that the 
result of the operation is an absolute success. I never have any pain in my 
fingers, and although at times in very cold, damp weather, they may be 
slightly discoloured for a short time, this causes me no discomfort 
at all.’ 

For reports of other cases see reference 161. 
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4. After Local Injury to Hands or Feet, and in Workers with Vibrating 
Tools, &c. 


Many vibrating tools may cause Raynaud’s phenomenon, but pneumatic 
drills, riveting machines, chisels, and chipping, caulking or scaling hammers 
are the most frequent offenders; shoemakers working with pneumatic 
pounding and lasting machines are sometimes affected. From the nature of 
the work it is men who suffer. After six months to three years or more, 
cyanotic attacks of the fingers appear in response to cold—intermittent 
attacks with changes in colour, temperature, and sensations typical of 
Raynaud’s phenomenon. One finger may be affected first, often that 
nearest the vibrating end of the tool; but one by one others are involved. 
Recently I have been able to examine seven riveters with this complaint. 
These men grasp the vibrating end of their pneumatic tool (about 2,500 
vibrations a minute) with the left hand, and the fingers of this hand are 
always affected first. The body and handle of the tool vibrate less than 
the end; but owing to the weight of the instrument, and the cramped 
positions in which these men sometimes work, they often change hands, and 
in all of them the right hand is affected nearly as badly as the left. The 
only factor which precipitates an attack is cold. Many of these men will 
say that the vibration of the instrument itself will make their hands go pale 
and numb, but careful inquiry reveals that this is so only on cold days. 
In limestone cutting the hammers are warm, and attacks never occur at 
work. In riveting the tool is cold; ice may form in the exhaust in winter, 
and the cold air from this blows over the hands and body of the workman. 
Emotion is not a precipitating factor. 

In the published cases very few workers have complained of any real 
discomfort ; but in the group of riveters, with whom I have had personal 
contact, many complain bitterly of the numbness and blueness of their hands 
whenever they are cold. Examination leaves no doubt that their attacks 
are really severe, and accompanied by complete sensory loss over the fingers. 
They experience great inconvenience in dressing on cold mornings, and in 
doing any fine work with their hands throughout the winter months. Callo- 
sities on the palms are common and resemble those from any other form of 
hard manual work. Nutritional changes in the fingers are veryrare. None 
of our riveters had cold fingers or chilblains before they started working with 
pneumatic tools. Their feet are normal. General examination, including 
the radial pulses, blood-pressure, urine, and Wassermann reaction, shows 
nothing abnormal. The skin of the fingers is soft and supple, except for 
callosities at points where the instrument rubs. When these men give up 
their work the attacks of cyanosis improve. Descriptions of this syndrome 
in workers with other tools have often appeared in the literature. Good 
references will be found in Hardgrove and Barker’s paper (55). 

In this same group may be included those cases of Raynaud’s phenomenon 
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following a single local injury to a digit, or to part of a hand or foot as from 
an operation, as in my case, or an injury from a fives ball (101). In these, 
as in the workers with vibrating tools, it is tempting to postulate a local 
fault in the digital or palmar arteries, a fault due directly or indirectly to 
trauma, but the exact nature of this lesion is not yet clear. 


E. H., aged 61, surgeon, attended the National Hospital, Queen Square, 
on November 23, 1934, complaining that his right index finger became 
pale and numb when exposed to cold. 

Family history: No members of his family have cold hands. 

History of present condition: Aged 27 he developed a whitlow on the 
proximal phalanx of his right index finger; this was incised freely and 
‘through and through’ drainage carried out. He recovered soon and 
remained perfectly well until he was aged 55, when he noticed in cold 
weather, when bathing, when developing photographs in a cold room, or 
when handling anything cold, especially when he himself was cold, that the 
two distal phalanges of his right index finger would become blue and numb. 
If he moved the finger about its skin became pale. These attacks on ex- 
posure to cold persisted, slowly becoming a little more marked; never 
precipitated by emotion, always by cold. They were always relieved at 
once by heat. No nutritional changes in the fingers. 

On examination: scars of the operation could be seen on the proximal 
phalanx of his right index finger, and the two distal phalanges of this finger, 
when exposed to cold, exhibited typical Raynaud’s phenomenon. All his 
other fingers were normal. Radial pulses normal. Lungs, heart, blood- 
pressure, and urine normal. No sclerodactyly or scleroderma. 


A. R., aged 30, pneumatic riveter, attended St. Bartholomew’s Hospital 
on January 23, 1936, complaining of his hands going blue and ‘dead’ on 
exposure to cold. 

Family history: No other members of his family have cold hands. 

Past history: no chilblains as a child. He smokes ten cigarettes a day. 

History of present condition: Four years ago he began to work with a 
pneumatic riveting machine inside locomotives. Two years ago he noticed, 
for the first time in his life, that the index finger of his left hand (the finger 
nearest the vibrating end of his tool) would go white or blue, and numb, 
whenever he felt cold. Slowly other fingers became involved until all the 
fingers of both his hands were affected, the left hand always being rather 
worse than the right. The attacks were only precipitated by cold. At work 
they only came on when the cold exhaust from his riveting machine blew 
over his hands. No emotional factor. 

Six of his fellow workers have exactly similar trouble. The attacks 
worry them all considerably. They have especial difficulty in dressing in 
the morning in cold weather. This particular patient suffers considerable 
pain with his attacks, both during the cyanotic stage and also during 
recovery ; but his friends do not complain of more than discomfort. In all 
of them the attacks are associated with sensory loss over the fingers. ‘When 
I cut my hand during an attack it does not hurt me and it does not bleed, 
just a little black blood oozes out.’ 

On examination: He appeared to be a perfectly healthy man except for 
the typical Raynaud’s phenomenon seen in the hands when they were cooled 
(15° C. for fifteen minutes). There were callosities on his palms from friction 
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of the instrument. No sclerodactyly or generalized scleroderma. Radial 
and dorsalis pedis pulses normal. Lungs, heart, blood-pressure, and urine 
normal. Blood Wassermann reaction negative. 

Progress: When he gave up his work for a month his hands improved 
a little. 


5. Sclerodactyly. (Acrosclerosis) 


Sellei (138) has shown that sclerodactyly occurs in two different con- 
ditions (a) ‘ Acrosclerosis’ which affects mostly the extremities—the face, 
hands, and feet. On the hands the skin of the finger-tips is the first to be 
thickened and the process spreads slowly upwards, but rarely reaches as far 
as the palm on the dorsum of the hand. (6) Diffuse ‘true scleroderma ’, 
in which the firm, thickened, smooth, hairless skin appears first on the 
trunk and limbs, and spreads distally down the arms so that the dorsum of 
the hand is involved before the fingers. In this true scleroderma Sellei 
states that vasomotor symptoms do not occur. If this is so it is only with 
‘acrosclerosis ’ that we are here concerned. 

Females are affected far more frequently than males, the proportion being 
about nine to one. The average age of onset is thirty, the symptoms in 
nearly every case beginning after adolescence and before middle age. When 
sclerodactyly is associated with Raynaud’s phenomenon cold is usually the 
precipitating factor for the attacks ; but emotion also may sometimes bring 
them on. The colour and temperature changes, sensory loss and recovery 
factors are exactly the same as those described in detail in Group 3. 

One prominent feature of the attacks in sclerodactyly is the severe pain 
so often complained of. In one-third of these patients pain is by far the 
most troublesome symptom, not only during the cyanosis, but also in the 
recovery stages :—‘ enough to make one scream ’, ‘I often weep’. 

A permanent stiffness of the fingers is the second important feature. This 
stiffness is nearly always symmetrical and it may cause considerable incon- 
venience : ‘incapable of sewing or making any fine movement ’, ‘ difficulty 
in playing the piano’. In some cases this stiffness may not appear for some 
five years or more after the onset of nasospastic attacks. In its early stages the 
thickening of the skin may be very difficult indeed to recognize, especially 
when it is confined to the distal phalanges. Sometimes it is only when 
movements of full flexion or extension of the fingers are impaired that the 
condition can be diagnosed with certainty. By then the skin, especially 
over the distal phalanges, looks stretched, tense, and shiny, its natural 
creases have disappeared ; it is thickened, and difficult to pinch up from the 
underlying bones and joints. The finger-tips themselves may look waxy- 
white. The whole finger may be tapering and the joints apparently a little 
swollen. Many of these patients, in the early stages, complain that their 
fingers swell—two I saw had to have their rings enlarged. Later these same 
fingers shrink, so that rings may then have to be reduced in size. Sometimes 
the hands perspire profusely and are moist and clammy between attacks. 
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In a later stage, movement is seriously interfered with, full extension of the 
hand is impaired, and several centimetres may separate the surface of the 
palm from the pads of the fully flexed fingers. 

A third important characteristic of this group is a nutritional change in 
the fingers. This is found in 75 per cent. of these patients and may be of 
four types, which often occur together : 

(1) Small sores at the finger-tips, sometimes on the knuckles, produced by 
a patch of superficial gangrene, from which a flake of skin dries up and peels 
off. These sores are not associated with suppuration unless secondary infec- 
tion occurs. Before the sore develops, a ‘ blister’, a ‘blood blister’, a ‘ black 
spot ’, or sometimes a ‘crack in the skin’, are not uncommon. These sores 
are often very painful and may take months to heal. When they do heal 
they leave small depressed scars, which are sometimes star-shaped and may 
be tender. 

(2) Deformities of the nails, which become short, dull, brittle, and cracked, 
sometimes with many transverse ridges and sometimes with their edges 
turned up. The nails may even be absent. Gross deformity of a single nail 
is usually evidence of a previous whitlow. 

(3) Shortening of the distal phalanges, which occurs in many cases, 
making the fingers look peculiarly ‘stumpy’. An X-ray of these fingers 
will always reveal atrophy and absorption of the terminal phalanx, a change 
well illustrated in many of the clinical reports of this condition. Occasionally 
X-rays may reveal calcified nodules at the tips of the fingers, ‘ hypodermo- 
lithiasis ’, ‘calcium gout ’ (19) (130). 

(4) Whitlows are common. They are a serious trouble in about one-fifth 
of the patients, and may take many months to subside. In some patients 
they are very severe and require frequent operation for removal of 
sequestra. 

Scleroderma of the face is found to accompany the sclerodactyly in about 
three-quarters of these patients. It is easily recognized. The face has 
a fixed ‘ pinched ’, ‘ mask-like’ expression; the skin tense, smooth, glossy, 
and ‘ waxy ’ in appearance, especially round the eyes and mouth. Such skin 
is indurated to the feel and can be picked up with difficulty, if at all, off 
the forehead and malar regions. The nose may be thin, the mouth small 
and only with difficulty opened wide, and the teeth may protrude. This 
facial appearance is so typical that many of the patients of this group look 
alike. Attacks of discoloration of the nose and ears are rarely seen, and 
sores on these parts are rarer still. The skin of the neck, arms, trunk, and 
legs may perhaps be affected, and pigmentation and small telangiectases 
are often present on or around the thickened skin. Only half of these 
patients complain of attacks of pallor and cyanosis or stiffness of their feet ; 
in only a very few do superficial sores develop on the toes. 

Progress: The majority of patients in this group become steadily worse. 
In a few the condition remains stationary. In very few the thickened skin 
of the fingers remains the same, while the attacks of asphyxia improve. 
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When some years have elapsed the majority find that fine work with the 
fingers is difficult; others are forced to give up their work altogether. In 
the later stages the hands become more and more fixed and crippled, and 
attacks of cyanosis become more frequent, more severe, and last longer. 
In the end the extremities are permanently cold and blue, and the condition 
no longer satisfies the criteria of ‘Raynaud’s phenomenon’. 

Treatment: General and local measures should follow the lines laid down 
in Groups 2 and 3. In advanced cases, when exercise may be difficult to 
take, the clothing should be especially warm. Hot saline baths, followed by 
massage with warm olive oil, relieves the stiffness and pain in the fingers to 
some extent. Whitlows should be treated with rest (in finger splints) and 
with radiant heat, if they are not to persist for many weeks. It is important 
that the patient takes special care to avoid slight injuries to the hands and 
feet, such as knocking them against pieces of furniture, or when cutting the 
nails or treating corns, especially when the extremities are cold and numb. 
Foliowing trauma ulcers easily develop in the hard smooth skin, especially 
over the knuckles; these ulcers may become secondarily infected and take 
many months to heal. This local sepsis may be very painful, and the skin 
around it becomes thicker and firmer than ever. Thyroid extract by mouth 
and X-ray therapy are advocated by some dermatologists, but both are 
often disappointing. The results obtained recently from parathyroidectomy 
by Bernheim and Garlock (18), in this Group and also in Group 3, are inter- 
esting ; but more work will have to be done on the calcium balance of these 
patients, and the rationale of this treatment explained more fully, before it 
can come into general use. 

For sympathetic ganglionectomy the following are indications: (1) severe 
pain in the fingers, (2) frequent attacks of cyanosis, (3) increasing deformity, 
and (4) recurring whitlows. In every case temperature tests should be done 
in order to estimate the benefit likely to follow operation. If symptoms are 
severe, and these temperature tests convincing, ganglionectomy is well 
worth doing, as some degree of improvement nearly always follows (Adson, 
O’Leary, Brown, and others). The skin of the fingers becomes warmer, 
perhaps softer and more flexible; pain is relieved ; attacks of cyanosis occur 
less frequently and are less severe; rate of progress in deformity of the 
fingers is retarded ; superficial ulcers heal; the nails grow more normally 
and whitlows recur at longer intervals. The duration of this improvement 
is often, however, disappointing, and the final results of operation in this 
group are much inferior to those in Raynaud’s disease (Group 3). After 
months or years, the original symptoms and signs return, even though 
sympathetic denervation of the limbs can still be proved to be complete, 
In the legs, symptoms being less severe than in the arms, sympathetic 
ganglionectomy is more rarely needed. The results are perhaps a little 
better than in the arms, but again a permanent cure does not result. 

Discussion: Many have recognized and described the association between 
sclerodactyly and Raynaud’s phenomenon (Ball, Favier, Goldschmidt, 
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Grasset, Lewis, &c.). It is a question of great importance which is not yet 
settled. O’Leary and Nomland (116) reviewed 103 cases of scleroderma ; in 
33 per cent. they found a definite history of vasomotor disturbance preceding 
sclerodactyly. Some writers suggest that sclerodactyly is secondary to an 
intermittent and deficient blood flow. If this were so, one would expect to 
find it in other types of intermittent arterial obstruction, as in arterio- 
sclerosis, thrombo-angeitis obliterans, and syphilitic arteritis, yet in these 
sclerodactyly is never found. Furthermore, cases have been described 
(Cassirer, Pautrier and Waringer, Adson, O’Leary and Brown) in which 
sclerodactyly has definitely preceded the intermittent attacks of cyanosis. 
The scleroderma of the face found in some of these patients should have the 
same aetiology as that in the hands, yet it is an exception for vascular 
phenomena to be noted in the face before sclerodermatous changes are 
demonstrable. Even when the skin of the cheeks is quite smooth and 
thickened, exposure of the face for long periods to cold water or cold air 
produces neither an unusual fall in temperature nor cyanosis (Lewis). It 
has been suggested that the thickening of the skin is due to chronic inflam- 
mation; but this also is hard to believe. In the hands the skin is thickened 
before ulceration and infection occurs ; and when the face is involved it is 
very rare indeed for any local infection to be found. 

Lewis, by experimental work on sclerodactyly similar to that he which did 
on the simpler forms of Raynaud’s phenomena (see later), has proved that 
in this condition also the vascular manifestations are due to a local fault in 
the digital arteries, and not to an abnormal vasomotor tone. Evidence in 
favour of this local fault is found in a study of the microscopic pathology of 
sclerodactyly. In the walls of the arterioles there is intimal thickening with 
atrophy and fibrosis of the media, and around the vessels cellular infiltration. 
In the corium there is dense fibrosis, with atrophy of the papillae, hair 
follicles, sebaceous glands, and sweat glands. 


Raynaud’s Case 11. ‘A countryman, aged 40 years, a thresher in a barn... . 
The disease lasted four years, and presented a succession of symptoms which 
were somewhat remarkable. . 

Present state: Fingers white, and cold to the touch, like ice; the extremi- 
ties of the second and third fingers atrophied and mummified ; the shape of 
each finger conical, fusiform ; the nails raised up, and showing slight traces 
of suppuration at their lower border; there is almost absolute impossibility 
of flexing the digits; there is complete insensibility of the last phalanges, 
and a feeling of tingling and of cold in the remainder of the digits ; skin 
white and hard, like parchment ; absence of pains, and absence of gangrenous 
odour. The feet present almost the same anomalous conditions, especially 
a glacial cold to the touch, impossibility of flexion, great difficulty in walking. 
The ears, the nose, and the lips of this individual present a remarkable 
want of vitality and of warmth, but to a less degree than the hands. The 
radial pulse can be felt... . Otherwise the functions of this man are per- 
formed perfectly ; he does not consider himself ill, and but for the impossi- 
bility of using his hands during the last four years he would not have come 
to Paris for treatment. 
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During the first year or two this condition of glacial torpor or asphyxia 
of the fingers only lasted a few days, but the present attack has lasted for 
four months, in spite of all the remedies which have been employed.’ . . . 


Mrs. E. M., aged 35, housewife, was admitted to St. Bartholomew’s 
Hospital on February 4, 1931, complaining of blueness of her fingers on 
exposure to cold. 

Family history: No members of her family have cold hands. She has 
never been pregnant. 

Past history : Measles, whooping-cough and chickenpox as a child. Influenza 
1918. No chilblains. 

History of present condition: Aged 18 (1914). Hands slightly blue in 
attacks during cold weather. These attacks became worse whenever her 
hands were cold, out shopping, &c. (even in the summer at times), the fingers 
would go blue, perhaps ‘nearly black’. No pain at first. Emotion never 
brought on an attack. These attacks became slowly worse and her fingers 
gradually became stiff and more deformed, were swollen, short, and ‘ stumpy’, 
so that she had great difficulty in doing fine work. Her nails became 
misshapen, their edges turned up, and they became brittle, broken and 
ridged. 

Aged 29: The attacks of blueness were more frequent and more severe, 
associated now with numbness and discomfort, and with tinglings on 
recovery. 

Aged 34: A bad whitlow on her left ring finger, needing operation and 
removal of a sequestrum. Toes slightly blue at times, but they never really 
troubled her. Nose and ears normal. No haemoglobinuria. 

On examination: 4.2.31 (aged 35). Not emotional. B.P. 130/75, equal in 
both arms. Heart, lungs, abdomen, nervous system, and urine normal. 
Radial and dorsalis pedis pulses normal. Definite sclerodermatous changes 
in the skin of her face which is stretched-looking; there is difficulty in 
opening her mouth and closing her eyes tightly. The skin of her ears is 
thickened. A few small telangiectases are seen over the cheeks. The skin 
of her chest and arms is tense and shiny and thickened. Blood Wassermann 
reaction negative. Serum calcium normal. 

Hands when warm markedly deformed: fingers short and stumpy with 
the shortening limited to the terminal phalanges whose nails are short, dull, 
cracked, and rough with their edges turned up. The skin over the fingers 
is shiny and thickened and difficult to pick up off the underlying bone. 
Full flexion of the fingers is impaired. The hands are rather clammy. 
X-ray of hands: marked atrophy of the bone of the terminal phalanges. 

Hands when cooled (15° C. for fifteen minutes) :. fingers leaden coloured 
from their tips to their bases; this cyanosis spreading even up to the 
middle of the palms. Sensation was impaired over the fingers but not lost. 
The radial pulses were diminished in volume during the attacks. On moving 
the fingers the cyanosis of the skin was at once replaced by a dirty yellow 
colour. 

The indication for operation was the increasing deformity of the fingers 
and nails, and the frequency of the attacks of cyanosis. 

24.2.31. Right thoracic sympathectomy: 4’ of thoracic trunk excised 
between Ist and 2nd dorsal ganglia. The operation was followed by Horner’s 
syndrome on that side. Two weeks after operation, although no spontaneous 
attacks occurred, a little cyanosis of the fingers on the operated side could 
still be produced by cooling them. Five months later she was pleased with 
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the result, and she insisted on the same operation being done on the other 
side, in which hand some severe whitlows had developed. 

21.7.31. Left cervico-thoracic ganglionectomy: Discharged on the seventh 
day. Four years later her hands still went pale and blue when cold, but 
they were not painful and she had had no whitlows since the operation. 
Her hands felt dry and cracked a little in cold weather. Her impression of 
the operation was, ‘I am very pleased with the result. I should have been 
sorry if I hadn’t had it done, but I wish my hands kept as warm as they 
did for a few months after it.’ ‘ My nose used to be red, now it is nice and 
pale!’ Five years after the operation, she was beginning to complain of 
a return of the pain in her fingers with ‘small gatherings just under my 
nails ’. 

For reports of other cases, see reference 162. 


6. Thrombo-angettis obliterans 


No attempt can be made here to give a full clinical description of this 
condition. It is almost confined to males who are cigarette smokers, and 
the legs are nearly always more affected than the arms—two very important 
points in diagnosis. Recent work (24) has shown that it does sometimes 
occur, but very rarely indeed, in women and non-smokers. It is not confined 
to any particular race. 

In the early stages of the disease about one-third of these patients exhibit 
vasomotor symptoms and signs which fulfil all the criteria of ‘ Raynaud’s 
phenomenon’. The average age of onset is about 40. One leg is affected 
usually before the other; but, in the end, the condition is nearly always 
bilateral. Observant patients may notice the vasospastic stage, as an inter- 
mittent pallor or cyanosis of their feet, lasting, perhaps, for several months 
before the onset of claudication or rest-pain. In these early stages pulsa- 
tions are often normal in the dorsalis pedis and posterior tibial arteries. Of 
Brown’s five clinical types of this disease the first two—the ‘compensated ’ 
and the ‘slowly progressive’ types—are those most likely to be associated 
with vasospastic phenomena. ‘ In about half the patients the arms are in- 
volved; but, as already mentioned, these are nearly always affected later 
than the legs and less severely. About one quarter of the cases develop 
symptoms of thrombophlebitis at some time or another. 

Progress: In the more advanced stages, when organic obstruction of the 
vessels is present, abnormal postural colour changes (see below) may be 
easily demonstrated. By now intermittent claudication and ‘rest-pain’ 
are usually troublesome, and pulsations in the vessels of the feet are im- 
paired. Some arteries may be felt as solid cords. Whitlows appear around 
the nails, especially on the big toe; these whitlows may develop into chronic 
ulcers, and gangrene may occur. By the time this stage is reached the con- 
dition no longer satisfies the criteria of Raynaud’s phenomenon, and so it 
need not be discussed further here. 
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Special tests to reveal organic arterial obstruction from any cause: These 
tests have been well described by Pickering (118) and reviewed by de Takats 
and Mackenzie (38), so that they need not be given in detail here. They 
include a study of colour changes in the skin: (a) on alteration in the pos- 
ture of a limb, (b) on releasing the circulation after it has been temporarily 
obstructed (the reactive-hyperaemia test as described in Pickering’s paper) 
(also Allen’s test), and (c) after the intradermal injection of histamine (the 
histamine test). Of all these the reactive hyperaemic test is of special im- 
portance ; it is almost certain to be used widely as a simple and accurate 
clinical means of diagnosing circulatory deficiency. 

The pulse may be impaired in the radial, dorsalis pedis, or posterior tibial 
arteries; but in feeling these vessels allowance must be made for possible 
anatomical variations, and care must always be taken to see that the body and 
limbs are warm. Pachon’s oscillometer and different types of plethysmograph 
are used by many clinicians in the study of peripheral vascular disease. 

Other special investigations include comparison of skin temperatures on 
different parts of a single limb, or of two limbs under similar conditions. 
Simple palpation will reveal differences of 1° C. and over, but for accurate 
estimation thermo-electric couples are essential. 

Artificial release of the tone of the vessels is very valuable indeed for 
assessing how much of a circulatory effect is due to an organic obstruction 
of the arteries, and how much is due to spasm. In this way an accurate 
forecast may be made of the benefit that is likely to follow sympathetic 
ganglionectomy in any particular case (Plate 14). This release of vasomotor 
tone may be achieved in three ways, by (1) increasing the heat produced by 
the body itself (injections of T A B vaccine), (2) raising the environmental 
temperature of the whole body (in a heat cabinet), or of one or more limbs 
(by immersion in hot water), (3) paralysing the vasoconstrictor nerves: by 
peripheral local anaesthesia (of the median, ulnar, or posterior tibial nerves) ; 
by paravertebral block of the sympathetic ganglia (White) ; by spinal anaes- 
thesia (Morton and Scott); or by general anaesthesia. Whichever method 
is used accurate temperature readings are taken with thermo-electric couples 
fixed to the fingers or toes. As vascular spasm is released so the tempera- 
ture of the extremities rises. The extent of this rise gives an excellent indi- 
cation of the benefit which is likely to follow paralysis of the vasoconstrictor 
nerves by sympathetic ganglionectomy. For the estimation of his ‘ Vaso- 
motor Index’ Brown compares the rise in temperature of the fingers or toes 
with that of the body after injections of T A B vaccine; this index is lower 
in patients with advanced organic disease of their vessels than in those in 
whom spasm predominates. 

Lastly ‘arteriography’ is of value in some cases. A plain X-ray of a 
limb may show calcification in an artery wall; but this is sometimes decep- 
tive, as the amount of calcification is seldom proportional to the degree of 
obstruction. A contrast medium may be introduced into the artery itself 
to reveal irregularities in its lumen. 
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Treatment of thrombo-angeitis obliterans: Apart from the general measures 
suggested for Group 2, some special instructions are necessary for patients 
in the early stages of thrombo-angeitis obliterans. Smoking should be cut 
down to a minimum (especially cigarettes). Excessive walking and all irrita- 
tion to the feet carefully avoided ; special precautions against breaking the skin 
should be taken when cutting the nails, and corns should be pared and not 
cut deeply. Exercise must needs be limited, so that the diet should ke light. 

Intravenous hypertonic saline and artificial pyrexia have given excellent 
responses in many patients, but space forbids further description here of the 
details of these methods. 

Physical therapy is of great importance, but can merely be mentioned 
here. It includes (a) rest in bed with the limb in the position of greatest 
circulatory efficiency (10°-15° below horizontal; (b) postural exercises ; 
(c) radiant heat (33°-35° C.), taking special care to avoid burns (96) ; (d) con- 
trast baths; (e) alternating positive and negative pressures as practised by 
Landis, Gibbon, and others; (f) galvanic baths (Cumberbatch). 

The results of sympathetic ganglionectomy are important. Most authors 
(Brown, Harris, Ross, Telford, and Stopford, and others) agree that very 
considerable benefit follows the operation in about 50 per cent. of the 
cases; in a further 25 per cent. the results are only fair, in the remainder 
they are poor. Nearly all are agreed that the operation does not hinder 
the disease process, or dispel organic changes already present in the vessels, 
so that the best results are to be expected in early cases. The degree of 
vasomotor tone should always be estimated before operation, so that the 
benefit likely to follow ganglionectomy may be known beforehand. The 
estimation is usually done by temperature tests, after release of vasomotor 
tone either by artificial pyrexia or spinal anaesthesia. In nearly all cases 
this is an accurate guide as to the result one may expect from operation ; 
sometimes the improvement is even greater than the temperature tests lead 
one to hope (128). Since the introduction of sympathetic ganglionectomy 
the prognosis in thrombo-angeitis obliterans has been less gloomy than it was 
before. This improvement is almost certainly due, in part, to the introduc- 
tion of better methods of medical treatment ; but there can be no doubt, too, 
that the operation reduces vascular tone to a minimum, dilates vessels of a 
collateral circulation, causes whitlows to heal and relieves ‘rest-pain’. 
Sometimes, after operation, amputation may be avoided altogether, at other 
times a lower level may be chosen than would otherwise have been necessary. 
When gangrene has once set in, it is still a debatable point whether ganglion- 
ectomy is worth while. The mortality for the operation of sympathetic 
ganglionectomy in thrombo-angeitis obliterans is higher than it is in other 
conditions showing Raynaud’s phenomenon ; some authors give it as 6 per 
cent. Thrombosis is usually the cause of death, and is a real danger. 


Raynaud’s Case 6 of his new researches: ‘This patient, aged 44 years, a 
native of San Salvador (Central America), came to France in order to be 
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treated for an affection from which he now suffers for the third time. It is 
eleven years since the first attack, which began without any known cause, 
and lasted nearly a year. It was characterized by lividity with partial 
gangrene of the toes of the right foot; it ended by the loss of the last 
phalanx of the little toe, and of the nails of the four other toes. The left 
foot only presented during all this time some blushes of redness without 
pain. Seven years afterwards a fresh attack occurred, which lasted fourteen 
months. This time it was the left foot which was invaded... . 

Twelve months ago the third attack began, and continues till now... . 
Some indications of the morbid process which has affected the lower ex- 
tremities have become manifest during the last year in the left hand. The 
index and the middle fingers have become in different attacks distinctly 
cold. A minute eschar which was formed at the extremity of the index 
finger has just become detached. Nothing similar to this has ever shown 
itself in the right hand.... It was impossible for us to feel the pulsations 
of the dorsal arteries of the feet.... I ought to add that it is not without 
great difficulty that I was able to distinguish the left posterior tibial, of 
which the pulsations appeared to me very small.’ 


J. D., aged 45, advertising agent, was admitted to St. Bartholomew’s 
Hospital on March 4th, 1933, complaining of his feet becoming cold and 
blue in attacks during cold weather, and also of severe pain in his calves on 
walking. His hands, too, became cold and blue on exposure, but they were 
less severely affected than his feet. 

’ For twenty-five years he had smoked about ten cigarettes a day. 

His troubles began about five years before, when he had first noticed 
a cramp-like pain in his calves when he walked more than half a mile: he 
noticed, too, that his feet would ‘ go quite white’ when he bathed them in 
cold water. Slowly his symptoms had become worse, but it was not until 
two years before admission that his hands became affected, ‘they turned 
white or blue in cold weather or when I touched anything cold’. 

On admission he could not walk farther than fifty yards before severe 
cramp-like pains in his calves forced him to rest. When warm his hands 


. and feet appeared normal; pulsation could be felt normally in the radial 


and dorsalis pedis arteries of both sides, but it was markedly impaired in the 
left posterior tibial artery. When cold his feet and, to a lesser degree his 
hands, especially the index and middle fingers of each hand, showed marked 
peripheral cyanosis, which passed off as soon as the extremities were warmed. 
His blood-pressure and urine were normal. His Wassermann and Sigma 
reactions were negative. An X-ray of his legs revealed no calcification of 
the arteries. Temperature tests with a spinal anaesthetic (Professor Pater- 
son Ross) demonstrated a release from a considerable degree of tone in the 
vessels of both feet, more in the left than in the right. During the anaes- 
thesia the dorsalis pedis artery of both sides became more easily palpable 
than before, but the left posterior tibial was still felt only with difficulty. 
After bilateral lumbar ganglionectomy (Professor Gask) the attacks of 
cyanosis in the feet almost disappeared, and the pains in the calves were 
markedly diminished. Seven months later his left leg had to be amputated 
through the thigh because of thrombosis of the posterior tibial artery, which 
had occurred two days after his discharge from hospital. Eighteen months 
after the ganglionectomy sweating tests revealed satisfactory denervation of 
his right leg, and this foot was warm and of good colour even in cold 
weather, although his hands still readily showed Raynaud’s phenomenon. 
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Pulsations were easily demonstrable in the right dorsalis pedis artery, and 
when he walked about with his crutch he now had no pains at all in his 
right calf. 

Three years after the lumbar ganglionectomy his right leg appeared 
normal. ‘I haven’t had a cold foot since the operation. My hands still go 
very blue when they are cold; in the winter this is terrible, I cannot work, 
and sometimes I cannot even button up my coat.’ 


7. Arteriosclerosis 


Space does not allow of even the briefest description of the full clinical 
picture of this condition (Evans (40)). After the age of 50, in both 
males and females, spasmodic cyanosis of the fingers or toes occurs more 
frequently than was at one time thought. These attacks of cyanosis 
in the early stages of arteriosclerosis often satisfy all the criteria of ‘ Ray- 
naud’s phenomenon’. They may recur for several years. The feet are 
usually affected more severely than are the arms. If it occurs in young 
persons arteriosclerosis is usually associated with chronic nephritis or hyper- 
piesia ; and in older people sometimes with diabetes mellitus (36). 

Not until the later stages may the underlying condition be recognizable 
on general examination (by thickening or tortuosity of the peripheral vessels, 
enlargement of the heart, accentuation of the aortic 2nd sound, raised 
blood-pressure, or changes in the retinal arteries); but from the beginning 
it can usually be demonstrated by one or other of the special methods for 
revealing organic arterial obstruction which have already been discussed in 
Group 6. 

Progress: In the later stages, when changes in the vessels are very 
marked, permanent coldness of the extremities is found, perhaps with indo- 
lent ulceration, or even massive gangrene. By this time the condition has 
passed beyond the limits of our definition of Raynaud’s phenomenon. 

Treatment: General and local therapy should be the same as for 
Group 6. ' 

In the early stages, if symptoms are really troublesome, sympathetic 
ganglionectomy is worth doing. One of our patients, an old lady aged 79, 
was much relieved by bilateral cervico-thoracic ganglionectomy, and she 
left hospital on the ninth day after operation. Another, a young woman 
aged 32 with hypertension, was also greatly helped (see below). Harris of 
Toronto confirms this improvement in five of his twelve cases. 


Raynaud's Case 1 of his new researches: ‘L., aged 59, a journeyman 
printer, is a vigorous man of a very healthy appearance. ... About the 
month of December 1871, during a moderately cold season, he perceived 
with astonishment that the little finger of his left hand became dark every 
morning. This unusual colour was at first accompanied by so little dis- 
comfort that he referred it to the black dye of the pocket of his trousers. 
Soon the ring and middle fingers of the same hand were also invaded. In 
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the month of January 1872, the right hand was attacked in its turn. Then, 
finally, it was the turn of the feet. The symptoms continued to increase 
up to the month of April; they became sufficiently intense absolutely to 
prevent the patient from using his hands in his work, and to render his 
walking extremely difficult. The sight troubles began to manifest them- 
selves towards the month of February. The following was the condition of 
the patient according to our careful observations, during the first fortnight 
of May: 

The affection from which he suffers exhibits intermittent attacks without 
any kind of periodicity. The attacks recur principally when the patient 
goes into the air, or when he bathes his hands in water of the temperature 
of the ward ; they appear very often without any appreciable cause. Their 
duration is variable; it is ordinarily from one to two hours. In these 
attacks the two hands, especially the left, assume a livid tint, either violet 
or blackish, which extends up to the wrists; the tint is almost uniform and 
without marbling: the pulp of the fingers is completely bloodless, except in 
the two thumbs. On pressing somewhat firmly with the fingers upon any 
point of this cyanosed skin, a dead white spot is produced, which only 
disappears very slowly. . . . One experiences on touching the hands a sensa- 
tion of extreme cold, of which the patient has perfect consciousness. .. . 
There are no spontaneous painful sensations; there are no tinglings; but 
the sensibility to contact is completely blunted. There results therefrom 
much embarrassment in movements, the patient not feeling the objects 
which he holds between his fingers. ... In the feet we observe the same 
phenomena a little less marked. 

The careful examination of the circulatory apparatus, both during and 
between the attacks, gives only negative results. The heart-beats are 
perfectly normal in their rhythm, their intensity, and their tone. The 
pulsations are perceptible in the radial arteries, in the posterior tibials and 
in the arteries of the foot. The arteries are not at all indurated... . 

The patient affirms that his sight is good in the two eyes during the 
attack, but that during the period which follows, and whilst the fingers 
return progressively to their normal colour, the sight, especially that of the 
left eye, becomes troubled and confused, recovering at the moment when 
a new attack supervenes. ...It was of the greatest interest to see if the 
ophthalmoscopic examination would give the explanation of this singular 
phenomenon of intermittent amblyopia; the central artery of the retina, 
and the arteries which proceeded from it, presented in all their extent very 
clear contours; further, we established very definitely that they were 
narrower in their commencement near the papilla than at the periphery. 
Here and there we observed a sort of partial strangulation.’ 

(This last point is strongly suggestive of arteriosclerosis.) 


Miss D. H., aged 31, typist, was admitted to St. Bartholomew’s Hospital 
on September 28, 1933, complaining of her fingers going blue and numb 
when exposed to cold. 

At the age of 22, after a ‘nervous breakdown’ from overwork, she 
first noticed that her fingers when cold became ‘white and dead’. This 
condition remained the same until the age of 28, when the attacks became 
more frequent and rather more severe. 

Aged 29, during especially cold weather, a small painful sore developed 
at the tip of her right middle finger; this did not heal until the weather 
became warmer. Next winter another small ulcer developed, this time on 
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her right index finger. Typical attacks were always precipitated by cold, 
and she found that cooling of her body was more important than cooling 
of her hands. Attacks never occurred in the summer. Emotion never 
precipitated an attack. 

In the attacks themselves her fingers ‘ feel cold, become blotchy, then go 
a dark blue and feel heavy and numb’. When warmed again they became 
red and then tingled. Her feet were slightly affected in a similar way. 

On examination: Her hands when warm appeared normal and her radial 
pulses were full and equal. When cold her fingers showed typical Raynaud’s 
phenomenon. There was no scleroderma. Her heart was enlarged, the 
aortic second sound accentuated and her blood-pressure 220/130. Her fundi 
were natural, except for some retinal arteriosclerosis. Her urine contained 
a trace of albumin; centrifugalized deposits examined several times showed 
nothing abnormal. Her blood Wassermann reaction was negative. Tempera- 
ture tests (Professor Ross) revealed a definitely increased vascular tone 
during an attack; the degree of this spasm varied in her different fingers. 

On October 3, 1933, bilateral cervico-thoracic ganglionectomy was performed 
which was followed by marked improvement in her hands. 

In May 1936 she wrote, ‘there is still a slight degree of cyanosis, but 
I think you may take it that the operation was entirely successful, and 
I am sure Professor Gask would be very gratified to see the result. Un- 
fortunately my high blood-pressure allows me to do only light work.’ 


Mrs. E. S., aged 58, housewife, was admitted to St. Bartholomew’s 
Hospital on November 12, 1930, complaining of her fingers becoming blue in 
cold weather. She was well until the age of 54 when she first noticed, on 
exposure to cold, attacks of blueness and numbness of the middle and ring 
fingers of her left hand and of the little finger of her right hand. As soon 
as her hands were warmed the attack would pass off, leaving a sensation of 
pins and needles for a short while. During the summer months she was 
free from trouble, but each winter these attacks became a little worse and 
small painful ulcers appeared at times on her finger-tips. She attended the 
hospital as an out-patient, her blood-pressure was found to be 280/165, and 
on radiant heat and massage her fingers improved. Similar attacks occurred 
at times in her feet. Three years after the onset the two distal phalanges 
of her right index finger were amputated for gangrene which followed a 
severe paronychia. 

On examination in November 1930, her hands when warm showed small 
scars on the finger-tips and some brittleness and ridging in the nails; the 
amputation-stump of her right index finger was healthy. The radial pulses 
were full and equal, the radial arteries were somewhat thickened. There 
was no sclerodactyly or scleroderma. When cold, the fingers of both hands 
were cyanosed down to their bases; both thumbs escaped. Her blood 
Wassermann was negative. An X-ray of her arms showed early calcifica- 
tion of the arteries. 

Her condition was considered too slight to necessitate operation. 

In 1933 she began to complain of more severe attacks of cyanosis in her 
toes, whenever her feet were cold, and her feet were now troubling her 
much more than were her hands. Her blood-pressure was now 260/140. 
An X-ray of her legs showed more marked calcification of the arteries. 
An examination of her retinal arteries was impossible because of lens 
opacities. 
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8. Syphilitic Arteritis 


Congenitally syphilitic infants, and young or middle-aged adults with 
the acquired disease, may sometimes exhibit a typical Raynaud’s pheno- 
menon. 

Two interesting points arise in connexion with this. In my review of the 
literature, and in our own patients, I have been impressed by the fact that 
in every case of so-called ‘ Raynaud’s disease’ showing severe necrosis of 
the nose and ears, and also every case showing haemoglobinuria, there is a 
definite, or a very suggestive history of syphilis. The former is not generally 
recognized, but the association between syphilis and haemoglobinuria is of 
course well known. One may now take it as a working rule, that whenever - 
Raynaud’s phenomenon is associated with severe necrosis of the ears or 
nose, or with haemoglobinuria, it is most probably due to syphilitic end- 
arteritis. In the modern text-book descriptions of so-called ‘ Raynaud’s 
disease’ these two symptoms are given a most prominent place; a pro- 
minence which is undeserved if they only occur in a few cases of this one 
group. 

Progress: Just as in arteriosclerosis (with which syphilitic arteritis is 
often associated) a continuous coldness and cyanosis of the extremities soon 
replaces the intermittent attacks and then the condition lies outside the 
regions of the phenomena we are now discussing. Spontaneous development 
of a collateral circulation often takes place, so that gangrene is less common 
in syphilitic arteritis than it is in thrombo-angeitis obliterans. 

Treatment: Antisyphilitic therapy is essential; but care must be taken 
with this, as symptoms may at first be aggravated (58). Later the circula- 
lation improves, but gross organic changes in the vessel walls remain un- 
changed. Owing to the efficacy of medical treatment, sympathetic ganglion- 
ectomy is rarely, if ever, needed in this group. 

K. M., aged 41, police officer, was admitted to St. Bartholomew’s Hospital 
on June 24, 1932, complaining of pain and blueness of his feet when cold. 

In 1915 he was discharged from the army Al. He smoked on an average 
eight cigarettes a day. Aged 40, one year before admission, he first noticed, 
when on duty in cold foggy weather, that his feet became more cold than 
usual. When he took his boots off at night he used to find his toes were 
blue. When warmth was applied they regained their natural colour. 

Slowly this condition advanced, whitlows developed around the toe-nails, 
and two of these nails had to be removed. Pain was not a prominent 
symptom, but the attacks of cyanosis became worse and worse. 

Examination of his feet when warm revealed little abnormal, apart 
from the deformities of his toe-nails and a marked impairment of pulsa- 
tion in the dorsalis pedis arteries of both feet. The skin of both shins 
was pigmented. When his feet were cold all his toes became cyanosed and 
the dorsalis pedis pulsations disappeared altogether. His blood Wassermann 
reaction was strongly positive. An X-ray of his legs showed no calcification 
of the arteries. An arteriography performed on his right leg revealed a 
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diminution in size of all the arteries down to the ankle; beyond this they 
did not show. He was given a full course of antisyphilitic therapy, after 
which his symptoms improved ; but the attacks of cyanosis of his toes on 
exposure to cold have never entirely disappeared. 

In 1934 he noticed that his hands became blue and numb in attacks 
during cold weather ‘just like my feet used todo’. This has persisted for 
the past two years. 

In March 1936 his blood Wassermann and Sigma reactions were still 
slightly positive: he had refused to attend regularly for his antisyphilitic 
therapy. His radial pulses were still normal. 


9. ‘Rheumatic’ (? Streptococcal) Arteritis 


This is a rare condition; but when it does occur the clinical picture is 
clear-cut, as is illustrated by the two case reports given below. The patient 
may have suffered previously from one or more acute rheumatic manifesta- 
tions—sore throats, arthritis, carditis, or chorea. In such a person, perhaps 
ten days to three weeks after a sore throat, typical Raynaud phenomena 
of the extremities may develop, the fingers and toes becoming blue and 
numb whenever exposed to cold. This may rapidly become more severe 
until, in the course of a day or two, a continuous blueness and coldness of 
the extremities supervenes, and the condition no longer satisfies the criteria 
of Raynaud’s phenomenon. At this stage considerable pain may be felt, 
especially in the feet on walking, and temperature tests and oscillometric 
investigations reveal an almost complete organic arterial obstruction, with a 
minimum of spasm. After a week or} two improvement sets in, and the 
Raynaud phenomena reappear. This improvement may continue for some 
weeks. Complete recovery may sometimes occur, but more usually the 
Raynaud phenomena persist in some slight degree, the fingers or toes 
becoming a little blue whenever exposed to cold. Nutritional changes such 
as superficial sores at the finger-tips, and whitlows, may appear from time 
to time, and if the rheumatic manifestations should recur—sore throats, 
arthritis, &¢.—the vascular symptoms become worse with each attack. 

I hope to report these and other cases more fully elsewhere. At present 
little or nothing is known about their pathology. The close relation between 
the vascular symptoms and the rheumatic manifestations suggests a common 
aetiological factor, and the typical Raynaud phenomena which we have 
been able to observe in some stages of the disease would seem to warrant its 
inclusion here. 

Treatment: During the acute stage the patient should remain in bed and 
be treated as for acute rheumatism. If vascular symptoms are really 
severe, and nutritional changes at the extremities threaten, careful physical 
therapy (especially radiant heat) should be given. He should not be allowed 
out of bed until the extremities are on the way to recovery. If the illness 
is associated with a recurrent acute streptococcal tonsillitis, careful judge- 
ment is needed as to the best time for tonsillectomy. If this is done during 
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the acute attack, or when it is beginning to subside, an exacerbation of the 
vascular symptoms is likely to follow the operation and more damage result 
to the arterial walls. It is probably wise to delay operation until all acute 
symptoms have subsided and the erythrocyte sedimentation rate has re- 
turned to normal. 


Dr. H. 8.: Aged 29, medical practitioner, was admitted to St. Bartholo- 
mew’s Hospital on March 12, 1936, complaining of pain and cyanosis of his 
fingers and toes. 

Past history: Aged 10, scarlet fever. Since then recurrent sore throats. 
Aged 23, a severe attack of follicular tonsillitis, treated in hospital. 

History of present condition: Six weeks before admission he had an attack 
of acute tonsillitis, with a temperature of 103° F., for which he remained in 
bed five days. From a throat swab haemolytic streptococci were cultured. 
For the next week he continued in practice, not feeling really well. After 
this he went for a ten days’ winter-sports holiday in Austria, during which 
he recovered his usual strength. On returning home he went back to work, 
and he now noticed, for the first time, that his finger-tips were tender, and 
that his feet ached at the end of a day’s work. Shortly afterwards he 
noticed that whenever he was cold his fingers and toes would become pale or 
blue; this occurred especially in the early morning or when he held cold 
spoons or forks at table. On warming his fingers they would become red, 
throbbing and painful. The first, second, and third fingers of his left hand, 
and the fourth and fifth fingers of his right hand were those most severely 
affected. All his toes were involved except the left great toe and the right 
little toe. In another week these spasmodic colour and temperature changes 
had given place to a continuous cyanosis and coldness of his extremities. 
He was forced to give up his work; he could hardly walk. 

On examination: His fauces were injected but his tonsils were not now 
enlarged. From a throat swab haemolytic streptococci were once again 
cultured. His hands and feet were cold, and moist with sweat, the distal 
parts of all his fingers and all his toes were cyanosed. This cyanosis was now 
continuous and not intermittent. Sensations of light touch and pain were 
impaired over the distal phalanges. The blood-pressure in both arms was 
120/86. Radial pulses normal. Blood cultures (aerobic and anaerobic) were 
sterile. The erythrocyte sedimentation rate was 16 mm. in one hour. An 
X-ray showed no cervical ribs. Temperature tests (by Dr. W. Russell Grant) 
revealed a marked obstruction in the digital vessels. In some of the fingers 
this was due to an increased tone which was released by warming the body, 
but in the majority of the fingers there was almost complete organic 
obstruction. 

In bed his condition rapidly improved, and in a few days he was able to 
return home. His symptoms were now, once more, spasmodic. Two months 
later they still troubled him a little. 


F. L.: Aged 24, stockbroker’s clerk, first attended St. Bartholomew’s 
Hospital on October 6, 1931, complaining of blueness of his fingers. 

History of present condition: As a child he had rickets, but he was other- 
wise well until the age of 9 when he had an attack of rheumatic fever, for 
which he was in bed twelve weeks. Apart from appendicitis two years later, 
he was then well until the age of 23, when, on recovering from a bad sore 
throat, he found his fingers were pale and that he could not feel his collar-stud 
when dressing in the morning. These symptoms were worse in cold weather. 

[Q.J.M. New Series No. 19] Ff 
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Three months later his fingers began to go blue in attacks whenever they 
were cold ; sometimes hunger or fright would precipitate an attack. Warmth 
would relieve him at once. These attacks persisted and he developed a few 
small ulcers at the tips of his fingers. 

Aged 23, another attack of rheumatic fever (knees and shoulders painful 
and swollen), for which he was in bed four weeks and after which his hands 
were rather worse. 

On examination: Aged 24, his fingers were found to be long and thin with 
a few small tender scars at the finger-tips and with two healing septic spots 
around the nails; there was no sclerodactyly or scleroderma of his face or 
trunk. Radial pulses, heart, blood-pressure, and urine normal. Blood 
Wassermann reaction negative. 

His condition was not considered severe enough to warrant operation, and 
he has been treated with physical therapy since then with considerable 
improvement. 


10. Cervical Rib 


Very rarely indeed are cervical ribs associated with Raynaud’s pheno- 
menon as we have defined it. Whether these ribs press mostly on the 
brachial plexus, or mostly on the subclavian artery, their vascular symptoms, 
when present, are nearly always continuous and not intermittent. For this 
reason the cases published by Telford and Stopford, Todd, White and others 
should not be included in this group. A very few cases have, however, been 
described in which true attacks of cold blue fingers have occurred in patients 
with cervical ribs (101), or from pressure of a crutch in the axilla (101), and 
this paragraph is concerned only with these few cases. The mechanism by 
which this intermittent arterial obstruction is brought about is difficult to 
understand. Lewis has shown where Todd’s, and also Telford and Stop- 
ford’s theories are unsatisfactory, and he has suggested that local thrombosis 
occurs inside the wall of the artery at the site of the rib, and from here 
emboli are detached which cause disease of the digital vessels. When one 
studies the shape of the palmar arterial arches, one can see that small 
emboli are most likely to lodge in those arteries supplying the second, third, 
and fourth fingers, and in this connexion it is interesting to note that in 
Lewis and Pickering’s patient it was these three fingers alone that were 
involved. After operation on this rib the symptoms were much improved. 
The reason for this improvement is not quite clear, as the operation can 
have had but little, if any, effect on the diseased palmar and digital vessels ; 
it suggests that pressure of the rib may perhaps, after all, play some 
direct part in producing intermittent attacks of cyanosis of the fingers, if 
only by reducing the total blood-flow into the limb. 
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11. In Advanced Pulmonary Tuberculosis (108), Leukaemia, Lupus erythema- 
tosus, Malaria, Polycythaemia vera, Chronic Arsenical Poisoning (78), &c. 


This group is ill-defined and needs further subdivision. In all these con- 
ditions a typical Raynaud phenomenon may sometimes be seen. The 
mechanism of its production is unknown—in some it may perhaps be due to 
partial arterial obstruction by thrombosis—but more work will have to be 
done before we can discuss them further. 


Leukaemia: Raynaud’s Case 9. ‘Anna B.: Aged 28 years. 

In December 1858, we found her in the following state. ... So soon as she 
allows her hands to be exposed to a rather low temperature the fingers become 
pale, oedematous, half flexed; they are attacked with painful sensations, 
numbness, and torpor; shortly afterwards they become blue, then black, in 
their whole extent. ... The attack lasts so long as the patient does not take 
the precaution of warming artificially the suffering parts; it reappears in- 
differently by day or night, and rarely a day passes without her experienc- 
ing these symptoms. ... This is not all; bullae are formed at intervals on 
the extremities of the fingers, upon the pulp which is situated at the end of 
the phalanges. ... Eight days afterwards a cicatrix is formed, and this 
morbid process is repeated elsewhere. ... The general condition, however, 
left much to be desired. Formerly she had been robust and stout, to-day 
she showed all the marks of confirmed anaemia... . 

April, 1860, I examined her hands. The fingers presented, indeed, the 
same bluish violet colour which had previously struck me, but it was less 
pronounced and more diffuse. The attacks which she had presented before, 
and which were so characteristic, had given place to a habitual lowering of 
the temperature of the extremities . .. colour of face and of body excessively 
pale and of a waxy yellow; extreme feebleness; inappetence; constipa- 
tion ; frequent vomiting ; liver large . . . spleen increased in size, easy to be 
felt below the thoracic margin... . 

From the day of her admission up to her death this woman presented 
nothing special except a slow and progressive enfeeblement. ... We were 
obliged to content ourselves with placing under the microscope a few drops 
of blood extracted by the prick of a pin. The red corpuscles were much 
diminished in number. The white corpuscles were present in the propor- 
tion of 1 to 15 or 20 red, and ultimately they were in the proportion of 
1 to 5. 

In the last part of her life vomiting became incessant. She ended by 
succumbing in the last stage of cachexia, on July 25, 1860. The autopsy 
was made with the greatest care. . .. Body ex-sanguine; pale; spleen, 
weight 1 kilogramme; liver, weight 3} kilogrammes. .. .’ 


Lupus erythematosus: Mrs. L. T.: Aged 33, machinist, attended St. Bar- 
tholomew’s Hospital in May, 1935, complaining of a rash on her arms and 
scalp, and of her hands going blue on exposure to cold. No family history 
of cold hands. 

Six years ago a ‘rash’ appeared on her scalp, on her elbows and forearms, 
for which she received treatment without permanent benefit. At the same 
time she noticed that her hands and feet became blue and numb whenever 
she was cold. When warm they were normal. Emotion never precipitated 
an attack. No nutritional changes at the finger-tips. Both her symptoms 
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persisted, the cyanosis of her fingers recurring more frequently in the winter 
than in the summer. 

When she attended hospital she had a red, scaly rash on her elbows, fore- 
arms, and scalp, which was diagnosed as lupus erythematosus in the Skin 
Department and confirmed by biopsy. No sclerodactyly or scleroderma of 
face. Several attacks of cyanosis of her fingers were seen; some were 
brought on by keeping her hands in water at 15°C. for fifteen minutes. All 
these attacks were typical of Raynaud’s phenomenon. Lungs, heart, and 
blood-pressure normal. Radial and dorsalis pedis pulses normal. Urine 
normal. Blood Wassermann negative. X-ray of neck showed no cervical 
rib, and X-ray of her arms no calcification of her arteries. For the past 
year she has been having intensive treatment. Her rash is much better, but 
attacks of cyanosis still recur in her fingers and toes on exposure to cold. 


Malaria: Raynaud’s Case 6. ‘ Rose G., washerwoman, aged 28 years. 

In the month of March she had several attacks of tertian fever... . To- 
wards the middle of April she became very impressionable to cold. Every 
time that she went out during weather at all cool, the nose, chin, cheeks, 
hands, and feet became pale; they passed then to a violet tint, then to a 
slaty white. ... A very cold wind had blown all morning when Rose entered 
the room. Her cheeks and chin were of indigo colour; her hands were as 
cold as marble. At the first view I believed them to be gangrenous. The 
ends of the fingers were of a greenish blue, the palms of the hands were of a 
deep purple. On the forearms there were marblings similar to those which 
are present on the legs of persons who use foot-warmers. Above the wrists 
the skin presented its natural colour. These phenomena were less pro- 
nounced in the lower limbs, which were clothed with woollen stockings. .. . 
The pulse was small, feeble, thready, disappearing easily under pressure, 
especially in the left arm. ... This was how the change took place: at first 
less vivid patches appeared in the palms of the hands along the track of the 
palmar arches ; they extended until their borders met, and took on a ver- 
milion tint. At the same time other patches were seen to form along the 
course of the digital arteries, and shoot along the collaterals of the digits. 
It was at the extremities of the fingers that the cyanosis and the cold per- 
sisted longest. Finally, at the end of a quarter or half an hour the whole 
hand was of a vermilion red; the pulse had regained its force, the warmth 
of skin was perfectly developed, and a slight sweat had moistened the 
cutaneous surface. All these phenomena were reproduced each time that 
Rose was exposed to cool air, whether in the evening, morning, or at the 
middle of the day.’ 


Polycythaemia vera: 8. B., aged 28, furrier, was admitted to St. Bartho- 
lomew’s Hospital on October 9, 1930, complaining of his left hand going pale 
or blue, in attacks, on exposure to cold. 

History of present condition: For over three years he had suffered from pain 
in his left foot. Two and a half years before admission he had attended the 
Mayo Clinic, where his spleen had been found to be enlarged and a diagnosis 
of polycythaemia rubra vera had been made. He was treated with phenyl 
hydrazine. Soon after this he noticed that the fingers of his left hand 
became white or blue whenever they were cold. The attacks were spas- 
modic and only brought on by cold. They persisted for two years, and were 
associated with recurrent sepsis of the left index finger. One year before 
admission a left cervico-thoracic ganglionectomy had been performed with- 
out improvement in the colour changes of his left hand. 
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On examination: The diagnosis of polycythaemia vera was confirmed. 
His spleen was still enlarged and a blood examination showed a red cell 
count of nine million, with haemoglobin 120 per cent. His left arm was a 
little thinner than the right, and the radial pulse on this side was less easily 
felt than normal. The blood-pressure was different in the two arms: left 
88/60; right 130/76. 

When warm the left hand appeared normal, but when cold a temporary 
cyanosis of the fingers appeared which, apart from the difference in the 
radial pulsation already mentioned, fulfilled all our criteria for Raynaud’s 
phenomenon. This colour change of the fingers of his left hand in response 
to cold persisted throughout his stay in hospital, and was not improved by 
treatment of his general condition. 


Explanation of Symptoms and Signs 


An ‘ abnormal vasomotor tone’ (Raynaud’s hypothesis). Raynaud suggested 
that local asphyxia of the extremities was due to abnormal vasomotor 
impulses ‘enormous exaggeration of the excitomotor energy of the grey 
parts of the spinal cord which control the vasomotor innervation’. This 
suggestion was based on two observations: that cyanosis may sometimes be 
precipitated by emotion, and that the fingers become pale at the beginning 
of some attacks. 

Raynaud himself fully realized how flimsy was the evidence on which his 
hypothesis was based. In an attempt to fill up this deficiency, he thought 
he could demonstrate spontaneous alterations in the calibre of the retinal 
arteries of his patients; and the supposed beneficial effects of galvanism 
applied over the vertebral column he brought forward as additional evidence. 
The occurrence of sweating of the hands during attacks has recently been 
stressed, especially in America, as support for Raynaud’s hypothesis. This 
sweating has only occurred in a small proportion of our cases, and it is 
seldom mentioned in the literature. Galvanism over the vertebral column 
has been abandoned as a therapeutic agent. It is now believed to be very 
improbable that changes in the calibre of the retinal vessels ever really 
occur. The pallor of the fingers at the beginning of attacks only occurs 
when the hands are raised or the fingers are moved. Thus only one real 
piece of evidence remains in favour of the vasomotor theory, namely, the fact 
that emotion is in some cases a precipitating factor, and this has been 
explained satisfactorily by Lewis, as described later. 

As he points out, there are six points difficult to explain on the abnormal 
vasomotor tone theory: (1) the orderly invasion of the cyanosis during 
attacks, starting in the finger-tips and gradually spreading upwards ; (2) the 
effect of cooling a single finger, or part of a finger, producing purely local 
spasm ; (3) the failure of ‘secondary pallor’ to return when once dispersed 
by raising the venous pressure ; (4) the failure to produce full cyanosis in a 
warm hand by moderate cooling of the body ; (5) the failure of ‘ nerve block ’ 
to relieve an attack already in progress; (6) the failure of sympathetic 
ganglionectomy to prevent all attacks. 
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A ‘local fault’ with normal vasomotor tone (Lewis’s hypothesis). After the 
theory of an abnormal vasomotor tone had remained unchallenged for fifty 
years, Sir Thomas Lewis put forward his explanation that the symptoms and 
signs of this malady are due to a local fault in the digital arteries, associated 
with the normal vasomotor tone. Using the experimental, rather than the 
observational, method, he reached this conclusion with infinite care and 
critical judgement by steps which make a most fascinating study. 

The main points in his evidence may be summarized here: the attacks 
must be due to arterial obstruction because, when a finger is cut during an 
attack it does not bleed. Where is this obstruction? Not in the radial and 
ulnar arteries, because they can still be felt pulsating. Not in the capil- 
laries, because the skin is not blanched. Not in the arterioles, because if a 
finger is dipped in cold water, cyanosis begins one phalanx distal to the 
upper margin of the cooled skin. The obstruction probably lies in the 
medium-sized vessels of the calibre of the digital arteries. Local cooling of 
any one part of a finger causes cyanosis distal to this; if any part of a finger 
is cyanosed, the parts distal to it are always cyanosed too. When the base 
of a finger is cooled the distal part will be blue even if kept warm; when 
the base is warm the distal part will be red even if cooled. 

The colour changes: In cold blue skin the capillaries are dilated, while the 
digital arteries are closed. The cyanosis is an index of completely obstructed 
blood-flow, for at low temperatures, 15°-20° C. (the dissociation of haemo- 
globin being low), a tiny trickle of blood through the vessels is enough to 
keep the skin pink. 

Contrary to the accounts given by many patients, an initial pallor of the 
fingers during attacks does not occur so long as the hands are kept still and 
lie below the level of the heart. When, however, the fingers are moved or 
the hands are raised, blood leaves the skin and blanching occurs. Patients 
at work, or in the homes, feeling an attack coming on, move their fingers ‘ to 
bring back the circulation ’, and pallor is often the first colour change they see. 
The ‘late pallor’ occurring after prolonged cyanosis is due to an active con- 
traction of the capillaries, independent of the nervous system, and of the 
same nature as that seen in the body after death, and known as Bier’s Spots 
(Lewis). The redness of ‘ overcooling’ is a protective mechanism—a dilata- 
tion of the minute vessels, including the arterioles, and probably occurring as 
a histamine response to trauma. 

The numbness is due to temporary impairment of nutrition of the sensory 
nerves. It appears a little while after the onset of cyanosis. 

The coldness of the fingers is a direct result of diminished blood-flow. 

The diminution in size of the veins on the back of the hand during an attack 
is due to the direct action of cold uponthem. That they are still patent can 
be proved by raising and lowering the arm, when the hand can be seen to 
become paler or more blue. This is confirmed by Landis’s observation on 
capillary pressures during an attack with a sphygmomanometer band around 
the upper arm. 
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The small radial pulse during an attack is physiological. It is found in 
any normal hand which is cooled. 

How cold and physical stimuli produce attacks: Once again we may repeat 
what Lewis has said (98) ‘ when a normal subject is exposed to cold, arteries 
like the digital narrow under two influences; they constrict as a direct re- 
action to cold, and because vasomotor nervous tone increases’. Complete 
obliteration and attacks of cyanosis do not occur if the blood temperature 
remains normal; but when there is a ‘local fault’ in the digital vessels, 
obliteration can take place, and attacks may be produced either (1) by local 
cooling of the hands, or (2) by increasing the normal vasomotor tone—by 
emotional stimuli (surprise, fright, &c.), by pain or by cooling the surface of 
the body. Under certain conditions of temperature, a slight increase in 
vasomotor tone (as by a psychical stimulus) may alone be enough to set 
off an attack which was previously ‘in the balance’. 

The nature of the ‘local fault’ is known in some of the groups, and 
doubtful in others. In sclerodactyly, thrombo-angeitis obliterans, arterio- 
sclerosis, and syphilitic endarteritis, pathological material has been repeatedly 
examined and organic changes in the vessel walls demonstrated. We do not 
know the condition of the vessels in hereditary cold fingers, in Raynaud’s 
disease, or in the hands of workers with vibrating tools; perhaps in these 
groups also organic changes in the vessel walls could be demonstrated if 
material was available. Perhaps the local fault is partly organic, and partly 
functional—an unusual susceptibility of the vessel walls to cold. Perhaps it 
is purely functional. Spasm alone, without organic change in vessel walls, 
probably never causes superficial necrosis; it would seem inevitable that 
with a vessel in spasm the muscles in its wall, through impairment of their 
own blood-supply, would be forced to relax long before any permanent 
damage could be done to tissues distally. An exception to this may occur 
under conditions of extreme cold when body temperature falls and the 
tissues themselves may freeze (frost-bite). 

Evidence against the ‘local fault’ hypothesis is not convincing. That 
psychical stimuli may cause attacks, and that sometimes the hands perspire 
during attacks are points stressed by Simpson, Brown and Adson (140), and 
also by White, in discussing Lewis’s paper. Their criticism that only 
advanced cases, with organic lesions in the vessels, were used for the 
experiments, has been answered by much of his more recent work. Lewis’s 
suggestion for the psychical stimuli seems satisfactory, and we have already 
seen that sweating of the hands during attacks is rare. Simpson, Brown 
and Adson’s occasional findings on (a) the effect of cooling the body with 
the hands warm, (6) local cooling of one finger, and (c) blanching as the 
initial phenomenon of attacks, are all in direct contradiction to the observa- 
tions of both Lewis and ourselves. We should be cautious in drawing too 
many conclusions from experimental work with acetylcholine, such as that 
reported by Villaret and his colleagues; especially when this drug is given 
intramuscularly, because we know it is destroyed so very rapidly in the body. 
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Sympathetic Ganglionectomy 


Whenever Raynaud’s phenomenon occurs, with its intermittent cyanosis of 
the extremities in response to cold, no matter to what it is due or to what 
group the patient belongs, there must, during attacks, be some degree of 
muscular contraction in the walls of the arteries or arterioles. Whether 
this is the normal vasomotor tone or an abnormal spasm is still debated ; 
but, whichever it is, its removal is followed by an increased circulation to 
the extremity. It is on this that the operation of sympathetic ganglionectomy 
is based. 

Whether the operation is really needed, for any given patient showing 
Raynaud’s phenomenon, depends entirely on the group to which this patient 
belongs and how severe are the symptoms. In hereditary cold fingers, after 
local injuries to the hands and feet, and in workers with vibrating tools, 
symptoms are seldom, if ever, severe enough to warrant operation; and in 
syphilitic arteritis adequate medical treatment is sufficient. In the blood 
diseases, ‘rheumatic’ arteritis, and in Group 11, the general symptoms are 
far too serious for any type of operation to be considered. Thrombo-angeitis 
obliterans and arteriosclerosis are so often associated, from the beginning, 
with severe organic arterial obstruction, and the stage showing Raynaud’s 
phenomenon may be so fleeting, that ganglionectomy is often not worth 
while, for the relief of attacks of cyanosis. Whether the operation is 
justified in the later stages, to relieve intermittent claudication and ‘ rest 
pain’, and to improve the circulation to an extremity which is permanently 
cold and cyanosed, is quite another problem which we have discussed already 
(Group 6). 

We are therefore left with but two conditions—Raynaud’s disease and 
sclerodactyly—out of the ten or more in which Raynaud’s phenomenon 
occurs, for which the operation of sympathetic ganglionectomy is really 
indicated for the relief of this symptom. Any discussion on the value of 
sympathectomy in Raynaud’s phenomenon must be based almost entirely 
on these two diseases, and their correct diagnosis. The indications for 
operation in each case and the results of the operation have already been 
described (Groups 3 and 5). Of all the ‘sympathectomies’ which have been 
proposed and tried, ‘ ganglionectomy’ is the only one really worth doing ; 
and it should be repeated here, once again, that even ganglionectomy does 
not ‘cure’ these patients, although it often helps them considerably. 

No review of this subject would be complete without an acknowledgement 
of the work of Leriche, Bruening, Royle, Adson and Brown, Gask and 
Ross, Telford, Stopford, and others. Of the technique of the operations 
only one or two points need be mentioned. For cervico-thoracic ganglion- 
ectomy the posterior approach of Adson has the advantage that the 
ganglia are nearer the surface than they are by the anterior route. The 
rib resection, however, is a disadvantage, as some patients after operation 
complain of considerable pain. The anterior approach of Jonnesco, Leriche, 
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and Royle, modified by Gask and Ross, has in its favour the small amount 
of discomfort felt by the patients. Its disadvantage is perhaps the depth 
from the surface at which the ganglia lie, but this is not troublesome for 
those acquainted with the surgery of the neck. Many surgeons who 
started with the posterior approach have now adopted the anterior route. 
Scupham and de Takats (137), in their recent excellent review of peri- 
pheral vascular disease in America, say that they believe ‘Gask’s method 
seems the most satisfactory ’. 

The results of ganglionectomy in Raynaud’s disease, sclerodactyly, thrombo- 
angeitis obliterans, and arteriosclerosis have already been discussed ; but one 
point of interest may be mentioned here. Lumbar sympathetic ganglion- 
ectomy for Raynaud’s phenomenon in the legs gives more dramatic and 
more permanent improvement than the corresponding cervico-thoracic 
operation for the arms. The easier technique of the lumbar operation 
cannot be the only reason, as complete sympathetic denervation can be 
demonstrated by sweating tests in both cases. One point which is not 
always recognized is that in Raynaud’s disease and sclerodactyly attacks of 
cyanosis are seldom as severe in the feet as in the hands, so that when both 
cervico-thoracic and lumbar ganglionectomies are done the better result 
should always be expected in the feet. One further point is that the normal 
vasomotor tone in the legs being greater than that in the arms, one would 
perhaps expect the more striking results to follow its removal. If it is true 
that after degeneration of post-ganglionic sympathetic fibres blood-vessels 
are abnormally sensitive to adrenalin circulating in the blood, then this may 
also be a factor, for after lumbar ganglionectomy there is less post-ganglionic 
degeneration than after the cervico-thoracic operation; That this is not 
true is suggested by the fact that after cervico-thoracic ganglionectomy for 
other conditions (causalgia, &c.), vasospastic phenomena do not occur. 

Mention may, perhaps, be made of the complications which sometimes 
follow ganglionectomy, if only to discourage the present tendency to under- 
take the operation in too lighthearted a manner! After cervico-thoracic 
ganglionectomy there may follow: temporary weakness of the arm, or pain 
down the arm (traumatic neuritis) ; stiffness in the shoulder ; a small pneumo- 
thorax, if the pleura should be punctured accidentally; and difficulty in 
healing of the wound when there is scleroderma. Some patients may com- 
plain of discomfort in the eye; others of stuffiness in the nose ; others of the 
slight disfiguring effect of Horner’s syndrome, if this is unilateral. Others 
complain of dryness of the hands, which sometimes itch, and the fingers may 
‘crack’ in cold weather. A few patients complain of excessive sweating of 
the rest of their bodies—‘ it trickles down my back and I have to change my 
clothes’. Insomnia is sometimes a worry and may perhaps be due to a 
change in the cerebral circulation. 

After bilateral lumbar ganglionectomy male patients, though still potent, 
are likely to become sterile. Ross and Hurst have recently emphasized this 
point, and they urge that in an adult male lumbar ganglionectomy should 
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never be done without the patient’s written consent, after a full explana- 
tion of the effect the operation will have on his sexual functions. Excessive 
movement of the colon may sometimes cause unpleasant borborygmi. The 
comparatively high mortality of lumbar ganglionectomy in thrombo-angeitis 
obliterans has already been discussed. 


Differential Diagnosis of Patients with Cold, Blue Extremities 


The first question to be answered : Is it ‘ Raynaud’s phenomenon ’—i.e. is 
there (a) intermittent cyanosis of the extremities, (b) precipitated by exposure 
to cold. 

The following conditions, with their vascular phenomena, are eliminated 
by this simple definition; many of them because their symptoms are con- 
tinuous and not intermittent. 


Chilblains. 

Frost-bite. 

Acrocyanosis (99). Erythrocyanosis frigida (100). 

Clubbed fingers and cyanosis of the fingers and toes due to lesions of the 
heart and lungs. 

Enterogenous cyanosis. 

Gangrene: (1) arterial embolism (bacterial endocarditis) or thrombosis 
(senile or diabetic gangrene, advanced thrombo-angeitis obliterans or syphi- 
litic endarteritis) ; (2) ergotism ; (3) carbolic acid. 

Phlebitis. 

Traumatic neuritis, polyneuritis, interstitial neuritis. 

Cervical rib (the majority of cases). 

Syringomyelia and anterior poliomyelitis. 

Pyramidal lesions. 

Hysterical paralysis. 

Rheumatoid arthritis. 

Ringworm of the finger-nails. 

‘Pink disease’ (acrodynia) in infants. 

‘Erythromelalgia’, which Lewis believes is not a clinical entity, but a 
‘susceptible state of the skin’ probably resulting from ‘almost any chronic 
and superficial inflammatory process.’ Brown and others do not agree 
with this. 

If the condition is one of Raynaud’s phenomenon, then we must decide to 
which pathological group the patient belongs. A summary of the clinical 
points which one finds most helpful in deciding this may be given here. 

1. If the attacks begin in childhood, hereditary cold fingers is the most, 
probable diagnosis, especially if there is a family history of ‘ poor circulation ’. 
If the child’s nose and ears are affected, or haemoglobinuria occurs, con- 
genital syphilis should be diagnosed. 

2. Attacks beginning in young adult women are likely to be due to 
Raynaud’s disease. If pain is severe and the fingers are stiff, with sore 
places or scars on their tips, then sclerodactyly is the probable cause, and 
scleroderma of the face should be looked for. 

3. In young adult men in whom the feet are first affected, thrombo-angeitis 
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obliterans may be diagnosed, especially if the patient is a heavy smoker, if 
there isa history of intermittent claudication or ‘ rest pain’, and the dorsalis 
pedis arteries are not easily felt. 

Syphilitic arteritis can alone be excluded by a Wassermann reaction, which 
should be done as a routine in every case. 

If the hands alone are affected in a man who works with a vibrating tool, 
his symptoms are almost certainly due to this instrument. 

4. Attacks beginning in old age suggest arteriosclerosis. 

5. A diagnosis of Raynaud’s disease in a man, or of thrombo-angeitis 
obliterans in a woman, is nearly always wrong. 


I am extremely grateful to Professor G. E. Gask, Professor F. R. Fraser, 
and Professor J. Paterson Ross, for all their help, criticism, and encourage- 
ment during the last five years; to Dr. George Graham, Dr. Geoffrey Evans, 
Dr. E. A. Carmichael, Dr. E. R. Cullinan, and Professor L. J. Witts for 
advice during the preparation of this paper; and to Dr. C. M. Hinds Howell, 
Dr. A. E. Gow and Dr. A. C. Roxburgh for permission to publish reports of 
patients. 
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THE LUNG VOLUME AND RESPIRATORY EXCHANGE 
AFTER PNEUMOTHORAX? 


By RONALD V. CHRISTIE anp C. A. McINTOSH 


(From the Department of Medicine, McGill University Clinic, Royal Victoria 
Hospital, Montreal, and the Medical Unit, London Hospital) 


Ir has long been known that there is a marked reduction of vital capacity 
following. pneumothorax, and numerous unsuccessful attempts have been 
made to use this impairment as a gauge of the degree of pulmonary collapse. 
The reduction in vital capacity is often less than the amount of air injected, 
or it may be more, and it would seem from the available data that the 
measurement of the vital capacity is in itself of little or no clinical signi- 
ficance in pneumothorax (Bailey and Myers (7), Bendove (8), Anthony and 
Heine (5), Anthony (4), Wolf (34), Bonnin (9), Frisch and Schneiderbaur (19), 
Herms and Riittgers (21), Anthony and Mumme (6) &c.). The vital capacity, 
after all, is the result of a form of respiratory gymnastics, its amplitude 
being governed by many factors. Of greater importance is the amount of 
air in the lungs at the end of an ordinary quiet expiration (the functional 
residual air), since this is the quantity of air that we ventilate by breath- 
ing, and that is diminished when the lung is collapsed. The measurement 
of this quantity in several patients before and after pneumothorax soon 
showed that a detailed analysis of a small number of cases over a consider- 
able length of time would be of greater significance in determining char- 
acteristic changes in the lung-volume and its subdivisions than isolated 
measurements made on a large number of cases. 

The methods used for the determination of the functional residual air 
and the various subdivisions of the lung volume have been fully described 
in a previous communication (Christie (11)). Two cases of pulmonary 
tuberculosis with minimal and unilateral lesions were selected for investiga- 
tion and the changes in total capacity (the amount of air in the lungs after 
a forced inspiration), functional residual air (the amount of air in the lungs 
at the end of an ordinary quiet expiration), and residual air (the amount of 
air in the lungs at the end of a forced expiration), were followed over a 
period of months, while the lung was being collapsed by artificial pneumo- 
thorax. The immediate decrease in the functional residual air resulting 
from each injection of air was also measured directly by a comparatively 


1 Received April 18, 1936. 
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simple technique. While the pneumothorax is being given, the patient 
breathes to and from an ordinary recording spirometer such as is used for 
the routine estimation of the basal metabolic rate. As the lung is collapsed 
a proportionate amount of air will be displaced from the alveoli into the 
spirometer. This displacement will be recorded on the tracing as a shift of 
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Fic. 1. Simultaneous Tracing of Tidal Air and Intrapleural Pressure during 
Collapse of the Lung by Pneumothorazx. 





Tracings read from left to right. Upper tracing. Intrapleural pressure measured by 
three water manometers in series. (The changes recorded while the air is being injected 
into the pleural cavity are due .to artifacts.) Lower tracing. Tidal air measured by 
a recording spirometer, the carbon dioxide being absorbed so that the slope of the 
tracing represents oxygen consumption. The air displaced by the pneumothorax from 
the lungs into the spirometer is clearly shown by the drop in the level of the broken 
line (the respiratory level). The reduction after pneumothorax in the volume and force 
of the vital capacity is also shown. 


the respiratory level. The technique is clearly illustrated in Fig. 1, where 
a pneumothorax of 700 c.c. was found to displace only 280 c.c. of air from 
the lungs into the spirometer. The intrapleural pressure is simultaneously 
recorded (Christie and McIntosh (14)). 

The figures obtained from these measurements on the two patients we 
have followed are given in Figs. 2 and 3. Several points emerge from this 
rather confusing mass of data. 

1. The diminution of functional residual air is materially less than the 
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amount of air injected. With each injection of air into the pleural cavity 
the immediate diminution in the functional residual air was on an average 
about 30 per cent. of the amount of air injected (Figs. 1,2, and 3). In 
other words, only about 30 per cent. of the air injected led to an immediate 
collapse of the lung; the rest presumably was spent in distending the chest 
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Fia. 2. Changes in the Lung Volume and its Subdivisions and in the Intrapleural 
Pressure from Collapse of the Lung by Pnewmothoraz. 


Case S. K. Pleural pressure. The respiratory fluctuation of intrapleural pressure 
immediately before administration of the pneumothorax is shown as a heavy black 
line; immediately after the pneumothorax as a broken line. @ = Total capacity. The 
amount of air in the lungs after a forced inspiration. © = Functional residual air. 
The amount of air in the lungs after an ordinary, quietexpiration. x = Residual air. 
The amount of air in the lungs after a forced expiration. Vital capacity = The 
difference between total capacity and residual air. 


wall. The simple and rather ingenious experiments of Frisch and Schnei- 
derbaur (19) are in direct confirmation of such a supposition. They found 
a definite decrease in the specific gravity of patients after artificial pneumo- 
thorax, and concluded that there must have been a considerable expansion 
of the thoracic cage. This distension of the chest wall can be readily seen 
with the naked eye, both in animals and in patients, and is indeed one of 
the classical physical signs of pneumothorax. 

2. In spite of increasing intrapleural pressure following subsequent injec- 
tions of air the functional residual air tends to increase. As the pneumothorax 
progressed the lung tended to re-expand. The initial diminution in the 
functional residual air resulting from the collapse was followed by a distinct 
tendency to an increase, even though a positive pressure pneumothorax 
was maintained, or the pressure even increased (Figs. 2 and 3). This 
was especially well shown in the case of P. D. (Fig. 3), where, in spite 
of an increasingly positive intrapleural pressure and no X-ray evidence of 
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re-expansion ot the lung, the functional residual air rose from 1,000 to 
1,550 c.c. The interpretation of this increase is discussed below. 

3. As was to be expected, the residual air closely followed changes in the 
functional residual air. 

4. It is obvious from Figs. 1, 2, and 3 that the reduction of vital capacity 
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Fic. 3. Changes in the Lung Volume and its Subdivisions and in the Intrapleural 
Pressure from Collapse of the Lung by Pneumothorax. 
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Case P. D. Pleural pressure. The respiratory fluctuation of intrapleural pressure 
immediately before administration of the pneumothorax is shown as a heavy black 
line ; immediately after the pneumothorax as a broken line. @ = Total capacity. The 
amount of air in the lungs after a forced inspiration. © = Functional residual air. 
The amount of air in the lungs after an ordinary, quiet expiration. x = Residual air. 
The amount of air in the lungs after a forced expiration. Vital capacity = The difference 
between total capacity and residual air. 


was seldom proportionate to the amount of lung collapsed. During the 
earlier stages there was usually a reduction in vital capacity which was 
much greater than the amount of air injected. With subsequent injections 
of air, however, the reduction in vital capacity with each refill was usually 
much less than the amount of air injected. The interpretation of these 
changes is discussed below. 

5. Changes in the total capacity represented a summation of the changes 
in the residual air and vital capacity. 


Haemo-respiratory Exchange 


In all our patients, including two cases that we followed over a period of 
several months, we were unable to find any change in the ventilation of the 
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lungs, the ventilation equivalent,? the respiratory dead space, or the 
alveolar gas pressures which could not be explained by a 10 to 20 per cent. 
increase in respiratory rate, with a corresponding decrease in respiratory 
depth. 

The fortuitous variations in respiratory rate and depth under the con- 
ditions necessary for their measurement are so great that occasional 
observations are meaningless. For this reason the respiratory exchange in 
our patients was analysed in detail every three to four days over a period 
of two to three months, while the lung was being collapsed by repeated 
injections of air. This analysis was made under basal conditions and 
included the recording of the tidal air over two seven-minute periods by 
means of a spirometer, the collection of a six-minute sample of expired air 
in a Douglas bag, the collection of two samples of alveolar air obtained by 
the automatic sampler previously described by one of us (Christie (12)), and 
of two further samples of alveolar air obtained by the Haldane-Priestley 
method. Samples of arterial blood were also taken at longer intervals. 
The CO, and O, content and capacity were measured by the method of Van 
Slyke (Peters and Van Slyke (30)), each estimation being in duplicate. The 
CH was measured by the colorimetric method of Cullen (Peters and Van 
Slyke (30)), each estimation being checked with a sample of plasma of 
known CO, tension and content. y 

(a) The variations in the respiratory rate and depth which must occur 
under the abnormal conditions necessary for their measurement are probably 
responsible for the conflicting reports on the effect of pneumothorax found 
in the literature. Thus Herms and Riittgers (21), Wiillenweber and Lorenz 
(35), and Graham and Bell (20) found that there is usually a decrease in 
respiratory rate and increase in depth, while just the opposite result has 
been described by Moore and Cochran (28), Von Muralt (32), and others. 
Andrus and Wilson (3) and Heymer (22) &c. describe an increase in both 
depth and rate. 

With the technique described above forty-five observations on the tidal air 
were made on case P. D. and fifty-four on case S. K. The results are not 
worth recording in detail. The respiratory rate and depth sometimes varied 
by as much as 40 per cent. from day to day, but with the large mass of data 


2 Several ventilation equivalents have been described, but the one most commonly 


used is the a meee 5 = (Hurtado and Boller (24), Anthony (4), 
oxygen consumption per minute 


&c.). When we investigate this formula it is patently absurd, since the fraction may 

minute volume respired x 100 ; 
minute volume respired x O, % absorbed from inspired air 
ponent ‘ minute volume respired’ then cancels out ; it obviously has nothing to do with 
this ventilation equivalent, which can be more simply written 

100 : 
O, % absorbed from inspired air 

In other words, the minute volume respired need not be measured when calculating 
this equivalent. 





be written as: The com- 
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available on these two cases it became apparent that in both these patients, 
as the pneumothorax became established, there was an increase in rate and 
decrease in depth of from 10 to 20 per cent. In animals, whether dogs, 
cats, or rabbits, a similar tendency to an increase in respiratory rate and 
decrease in depth is usually present (Christie (13)). 
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(6) The only significant cliange in the values found for the alveolar air 
was obviously due to the Haldane-Priestley samples becoming less reliable 
as the vital capacity diminished. In case S. K. the automatic samples were 
also unsatisfactory owing to respiratory irregularities. In case P. D. satis- 
factory automatic samples were usually obtained and showed no significant 
change in either the alveolar pressure of oxygen or CO,, or in the figures 
for the respiratory dead space. Again, these figures are not worth record- 
ing in detail, but are worth mention if only to prevent a repetition of such 
a tedious series of analyses. 

(c) Numerous investigators have analysed the arterial blood after thera- 
peutic artificial pneumothorax, and it can be stated with assurance that in 
man no significant anoxaemia results from collapse of the lung by this 
procedure (Meakins and Davies (26), Richards, Riley, and Hiscock (31), 
Hilton (23), Cournand, Bryan, and Richards (16), and the Table). Im- 
mediately after a large artificial or spontaneous pneumothorax there may 
be considerable anoxaemia, but even this is transient, unless the degree of 
pulmonary collapse far exceeds that ever given therapeutically. In experi- 
ments on animals proportionately larger amounts of air have been injected 
than in man, but the conclusions to be drawn are the same. Immediately 
after collapse of the lung by pneumothorax there is some anoxaemia, but 
this is only transient (Adams and Morris (1), Morris (29), LeBlanc (25), 
Bruns (10), Dock and Harrison (18), Weiss (33), Moore and Cochran (28)). 

The same unanimity does not exist with regard to changes in the excre- 
tion of CO, after pneumothorax. Andrus (2), Wiillenweber and Lorenz (35) 
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found either a slight rise in the CO, values of the arterial blood or no 
change, while Meakins and Davies (26) and Richards, Riley, and Hiscock (31) 
found a slight fall. Cournand, Bryan, and Richards (16) describe irregular 
changes. Means and Balboni (27), Herms and Riittgers (21), and others 
found no change in CO, excretion, while Meakins and Davies (26) and Dautre- 
bande and Spehl (17) (see Herms and Riittgers) found a transient decrease. 
When one analyses the figures given by these investigators, the changes 
described could certainly be accounted for by purely fortuitous changes in 
ventilation and CO, excretion. We have been unable to find any detailed 
analysis of the acid base balance before and after pneumothorax, and for 
this reason have tabulated our observations on cases P. D. and S. K. in 
the Table. Case P. D. did show a fall of CO, content and capacity, but the 
change was no greater than we have observed in cases of tuberculosis un- 
complicated by pneumothorax. Case S. K. showed a slight rise. In neither 
case was there any significant change in the CH or pressure of CO,,. 

From this mass of data it is apparent that collapse of the lung leads to 
no significant impairment of CO, excretion or O, absorption. 


Discussion 

The analysis of the changes in the lung volume and its subdivisions brings 
out several points of interest. 

Less than half of the air injected into the pleural cavity leads to collapse 
of the lung: the rest is spent in distending the thoracic cage. 

The irregular changes in the vital capacity suggest that several factors 
are involved in its reduction. The duplication and graphic registration of 
our measurements enabled us to eliminate discrepancies due to lack of co- 
operation. Yet we have found it impossible to establish any direct correla- 
tion between the extent of the pneumothorax and the diminution in vital 
capacity. This lack of correlation is presumably due to the variety of 
factors which are involved : 

1. Reflex inhibition of inspiration due to pain or discomfort was obviated 
as far as possible by allowing twenty-four hours to elapse after the pneumo- 
thorax before measuring the vital capacity. With this precaution, neither 
of the patients admitted any pain or discomfort during these vital capacity 
exercises, but the rapid recovery of vital capacity during the days following 
the institution of pneumothorax would certainly suggest some reflex inhi- 
bition in at least the earlier stages. 

2. The expansion of the thoracic cage which follows pneumothorax must 
impair the inspiratory efficiency of the muscles of the respiration, and thus 
diminish the vital capacity. 

3. Diminution in the distensibility of the lung may be an important 
factor. It is difficult to conceive how collapse of the lung in itself could 
reduce vital capacity. A collapsed lung is more easily distended than an 
expanded lung, since the lungs hold very faithfully to the laws of elasticity 
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(Christie and McIntosh (14)). Unfortunately, in the case of pneumothorax 
this simple relationship between stress and strain is complicated by the fact 
that as the lung collapses its distensibility is considerably reduced by the 
capillary engorgement which ensues (Christie (13)). This decrease in dis- 
tensibility is proportionate to the amount of pulmonary collapse and should 
lead to a progressive diminution in the vital capacity. In all probability 
these three factors all contribute to the lowering of vital capacity. In the 
early stages of the pneumothorax the reduction of the vital capacity is 
much greater than the amount of air introduced. This reduction may be 
largely due to distension of the thoracic cage, resulting in fixation of 
the muscles of respiration in the inspiratory position before inspiration 
commences. To this, reflex inhibition of movement is very probably added. 
With succeeding injections of air, the reduction of vital capacity with each 
refill becomes much smaller than the amount of air introduced. It is 
reasonable to suppose that by this time the respiratory musculature has 
already reached the full inspiratory position, so that no further reduction 
of the vital capacity from this cause can be expected. 

Considering the complexity of factors which decide the reduction in vital 
capacity after pneumothorax, it is not surprising that the determination of 
vital capacity is of no value as an empirical guide to the degree of pulmonary 
collapse. 

The steady increase in the volume of functional residual air, although 
collapse was being maintained by an increasingly positive pleural pressure, 
is of real interest as presumably reflecting the much discussed ‘ compensatory 
emphysema’ or ‘ hypertrophy ’ following pneumothorax. When we consider 
that the pleural pressure was increasingly positive and that X-rays showed 
an increasing amount of collapse, we must conclude that this increase 
occurred in the contralateral lung. Such an increase might be due to: 

1. A reflex elevation of the respiratory level. As the factors which 
control the level at which we breathe are entirely unknown, such an 
explanation would be begging the point. 

2. In another communication (Christie (13)) we have shown that the contra- 
lateral lung in pneumothorax becomes increasingly engorged and rigid. 
Such an engorged and rigid lung can actually remain distended against 
a positive pressure (Christie and Meakins (15), Christie (13)), and the increased 
stress and strain on the alveolar wall may lead to some over-distension, 
especially at the periphery. We believe that this is probably the under- 
lying mechanism in the expansion of the contralateral lung in pneumo- 
thorax—capillary engorgement which in itself favours expansion of the 
lung and which, by reason of the increased stress and strain on the alveolar 
walls, may lead to the secondary development of emphysema. 

It is indeed remarkable that such a profound insult to the respiratory 
system as the collapse of a lung by pneumothorax should lead to little 
or no impairment of haemo-respiratory exchange. The slight diminution in 
respiratory depth and increase in rate by no means amount to dyspnoea. 
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The cause of this change in the tidal air is in all probability the increased 
sensitivity of the Hering-Breuer reflex which would naturally ensue from the 
decrease in pulmonary distensibility (Christie (13), Christie and Meakins (15)). 

The absence of any functional impairment when at rest does not mean 
that the respiratory response to exercise is normal in these subjects. In 
fact, dyspnoea on exercise is a very constant symptom after pneumothorax, 
although in those patients who are free from pulmonary tuberculosis and 
who have had time to become adjusted to a pneumothorax, it is remarkable 
how little impairment of the respiratory reserve occurs. Such patients are 
rare, but we have one who is an excellent illustration of this point. A boy, 
aged 16, had suffered a spontaneous and evidently valvular pneumothorax 
four years before admission, the result of a blow on the chest with a base- 
ball bat. During these four years his left lung remained vompletely 
collapsed with marked displacement of his mediastinum to the right. At 
rest no impairment of respiratory exchange could be demonstrated, and an 
analysis of his lung volume and its subdivisions gave a total capacity of 
1,830 c.c., a functional residual air of 980 c.c., and a residual air of 900 c.c. 
In other words, at least one-half of his lungs was collapsed and yet his only 
complaint was inability to play the more strenuous games on account of 
dyspnoea. He could perform ordinary exercises, such as walking up three 
flights of stairs, with no discomfort. 

The absence of anoxaemia emphasizes further the lack of functional 
impairment. The significance of this finding with regard to the circulation 
through the collapsed lung has been repeatedly stressed by other workers 
and need not be further discussed. 


Summary and Conclusions 


1. Changes in the lung volume and its subdivisions and in respiratory 
exchange have been followed during the course of pneumothorax therapy. 

2. A simple method for the direct measurement of the amount of lung 
collapsed by the introduction of air into the pleural cavity is described. 
On an average only about 30 per cent. of the air introduced leads to 
collapse of the lung, the rest probably being spent on enlargement of the 
thoracic cage. 

3. Evidence is presented of an expansion of the contralateral lung as the 
pneumothorax progresses, and the significance of this with regard to the so- 
called ‘ compensatory hypertrophy ’ or ‘emphysema ’ is discussed. 

4, The absence of any direct correlation between the diminution in vital 
capacity and the amount of collapse is confirmed; and an attempt is made 
to analyse the factors underlying the reduction in vital capacity. 

5. The absence of any significant impairment of haemo-respiratory 
exchange after therapeutic pneumothorax is confirmed. 
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THYROID DISEASE AND BLOOD LIPIDS! 


By ELDON M. BOYD anp W. FORD CONNELL 


(Department of Pharmacology, Therapeutics and Medicine, Queen’s 
University, Kingston, Ontario, Canada) 


WHILE a good deal is known concerning the relation of blood cholesterol 
to the endocrine function of the thyroid gland, there have been few studies 
correlating cholesterol with the remaining substances usually grouped 
together under the term blood lipids. Included in this category are recog- 
nized at present three main groups of substances—the phospholipids, the 
neutral fats, and cholesterol with its fatty acid esters. To these are usually 
added, chiefly because they are readily estimated in the laboratory, total 
lipid, total fatty acids, and total cholesterol. 

The conclusions of those who have investigated cholesterol alone are not 
entirely in agreement as to the control exercised by the thyroid gland over 
the concentration of this substance in blood. It would appear that only 
from a large series of carefully selected cases can an inverse relationship be 
shown to exist between blood cholesterol values and the degree of thyroid 
function as estimated from the basal metabolic rate. At the Kingston 
General Hospital we have found cholesterol much less reliable than the 
basal metabolic rate, presumably because there are so many other factors 
which may influence the values of this sterol. On the other hand, in any 
one case, providing all disturbing factors be taken into consideration, the 
effectiveness of therapy may be conveniently followed by cholesterol estima- 
tions. The present report is concerned with complete lipid studies in a 
group of such cases, the objects being first to ascertain if there exists any 
thyroid control over the concentration of plasma and red blood-cell lipid 
values, and secondly, to determine if any of these lipids could serve better 
than cholesterol as a laboratory guide to the clinic. 

Bing and Heckscher (1) made approximate estimations of the total lipid 
and found it high in three cases of myxoedema and low in hyperthyroidism 
and Basedow’s disease. Parhon and Ornstein (2) reported that thyroxine 
lowered total lipid in old age, but Page and Farr (3) were unable to note 
any significant change in any plasma lipid when thyroid substance was 
given to patients with lipaemia of nephrotic origin. Yuschenko (4) reported 
that both thyroidectomy and hyperthyroidism produced an increase in 


1 Received June 3, 1936. 
(Q.J.M. New Series No. 20] 
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serum lipids of dogs! Nicholls and Perlzweig (5) found an inverse relation 
between thyroid activity and plasma total fatty acids which was essentially 
confirmed by Parhon and Ornstein (6) and Sakurai (7), but Schmidt (8) 
produced an increase in the blood fatty acids of rabbits with thyroxine. In 
brief, blood phospholipid has been found inversely related to thyroid func- 
tion by Sakurai (7), Inglessi (9), and Lajos (10), and directly related by 
Schmidt (8). It is quite possible that the question of species variation may 
explain some or all of these apparent discrepancies. The rather extensive 
literature correlating total cholesterol with the thyroid cannot be reviewed 
here: suffice it to say that the majority of investigators have found it 
inversely related to thyroid activity, but a few have recorded no consistent 
connexion, for example, Pasternak and Page (11) and Grabfield and Camp- 
bell (12). The author has been unable to find any data on cholesterol esters 
and free cholesterol of blood in thyroid disease of man. 

From this cursory review it is obvious that information is needed on the 
relation of blood lipids to the thyroid gland. In addition practically no 
distinction has been made to date between whole blood, plasma, and the 
red blood-cells in connexion with lipid studies in these diseases. Yet lipids 
are unequally distributed between the red blood-cells and plasma, and 
seldom do the same changes occur in both at the same time. 

The study of patients with thyroid disturbances was begun shortly after 
their admission to the Kingston General Hospital and immediately the 
diagnosis was made. Blood was analysed before treatment and from one to 
six times during therapy. Using oxalated blood a complete differential 
lipid analysis of plasma and of the red blood-cells was made using the Bloor 
oxidative microtechnique as modified by Boyd (13, 14, 15). Values for 
plasma before and at the end of treatment have been given in Table 1; 
there were no consistent changes in the red blood-cells which at all times 
contained lipid values within normal limits, and hence these results have 
not been tabulated. 

It was found, in general, that in most patients under treatment there 
was an inverse relationship between changes in thyroid activity, as judged 
clinically and from the basal metabolic rate, and changes in the concentra- 
tion of plasma lipids. With a diminution of thyroid function brought 
about by rest in bed, X-ray of the thyroid gland, or its surgical removal, 
plasma lipid values tended to increase. The administration of thyroid 
substance tended to produce a lipopenic change or decrease in the plasma 
lipid values. None of these variations were marked, and very few of the 
values were beyond the normal range. Thus little diagnostic value could 
be attached to single estimations except in the hyperthyroid cases in which 
the figures were consistently low. 

In the nine cases of hyperthyroidism presented in the Table, the values 
before treatment indicated that the lipopenia of hyperthyroidism is due 
chiefly to a decrease in the cholesterol and phospholipid fractions of plasma. 
Comparing the mean values of these cases with the average of normal 
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adults as determined by these methods in a previous communication (16), 
the following percentage decreases were found: total lipid 31, neutral fat 
18, total fatty acids 28, total cholesterol 34, ester cholesterol 38, free 
cholesterol 25, and phospholipid 33 per cent. 


The Lipid Composition of Blood-plasma in Thyroid Disease Before and After 


Treatment. The Results are Expressed in mg. of Lipid per 100 c.c. of Plasma. 
Composition of total lipid. : 
S 
sc i Cholesterol. a 
Diagnosis. Treatment. Ay = 3 Gea, —S 
' “ i ae “ ‘ a, 
g S 8, 28 3 @ 8 ¢ 
os a 
s} pF w2@ées 8 #8 & & 
1 Hyperthyroidism None 354 137 238 %76 44 «+32 = «2111 
Bed 1 week 460 146 286 120 80 40 140 
2 Hyperthyroidism None 520 154 313 147 94 53 156 
Bed 10 days 559 «162 335 #163 110 53 #160 
3 Hyperthyroidism None 420 105 241 134 89 45 121 
Bed 1 week 476 130 280 144 98 46 136 
4 Hyperthyroidism None 367 127 2330 «©89)0=651)0— (388~—Sid1117 
Bed 6 days 422 125 267 95 59 36 162 
5 Hyperthyroidism None 551 237 «367 «#1270 «6©77)—~=650—S 185 
Bed 8 days 535 180 331 148 100 48 140 
6 Hyperthyroidism None 450 100 252 149 102 47 = 133 
Bed 6 days 517 140 306 154 106 48 152 
7 Hyperthyroidism None 422 125 267 9 59 36 = 162 
X-ray tothyroid 460 150 288 113 67 46 152 
8 Hyperthyroidism None 398 100 228 136 I11~ 25 88 
Thyroidectomy 418 93 229 151 4113 38 98 
9 Hyperthyroidism None 368 46 189 118 84 34 148 
Thyroidectomy 447 86 249 144 98 46 151 
10 Hypothyroidism None 433 83 250 124 93 31 164 
Thyroid 1 week 405 75 231 120 90 30 ~= 150 
11 Hypothyroidism None 559 #101 326 #150 109 41 235 
Thyroid 9 days 440 80 256 115 80 35 191 
12 Hypothyroidism None 460 92 260 141 97 44 162 
Thyroid 5 days 442 90 250 138 96 42 150 
13. Hypothyroidism None 518 220 347 114 69 45 138 
Thyroid 13 days 465 76 264 135 99 36 = 188 
14 Hypothyroidism None 693 118 382 224 159 65 245 
Thyroid 9 days 576 96 313 192 134 58 198 
15 Hypothyroidism None 430 125 250 141 99 42 98 
Thyroid 6 days 350 112 212 100 60 40 98 








It will be apparent from the values presented in the Table that whether 
or not they are all read as the effect of increased or of decreased thyroid 
activity, the same general conclusions are possible. Thus to determine the 
effect of increased thyroid activity, take the last six cases as presented and 
reverse the order for the first nine. By calculating the percentage changes 
in each case and determining the mean of these we may arrive at an 
approximate idea of the relative effects of the thyroid on each of the several 
plasma lipids. In this manner it may be shown that increased thyroid 
function produced a decrease of total lipid in fourteen out of fifteen cases, 
the percentage differences varying between +3 to - 23 per cent. with an 
average change of — 11-5 per cent. 
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Of the component plasma lipids, increased thyroid function produced 
relatively the greatest decrease in neutral fat, next in cholesterol esters, 
then in free cholesterol, and least of all in phospholipid. In twelve out of 
fifteen cases increased thyroid function may be shown to have lowered 
plasma neutral fat, the percentage changes varying between +32 to — 70 
per cent. with an average result of —14 per cent. Increased thyroid 
function lowered plasma total fatty acids in fourteen out of fifteen cases, the 
percentage changes varying between +11 and — 24 per cent. with a mean of 
—12 per cent. Total cholesterol may be found decreased in fourteen out 
of fifteen cases, in percentage from +21 to —37 with a mean decrease of 
—11-4 per cent. Ester cholesterol decreased in all except one case in 
which there was an exceptional rise of 44 per cent.; the greatest decrease 
was 45 per cent. and the average change a decrease of 12 per cent. Free 
cholesterol was lowered in thirteen cases out of fifteen, the greatest de- 
crease being 34 per cent. and the average 10-3 per cent. lower. There were 
two cases in which phospholipid rose in value, but in the remaining thirteen 
it fell, the greatest decrease being 28 per cent. and the average change 
a decrease of 6-7 per cent. 

Thus it may be concluded that overactivity of the endocrine products of 
the thyroid tends to lower the concentration of plasma lipids, affecting 
them in the relative order: neutral fat > cholesterol esters > free cho- 
lesterol > phospholipid. In the same manner it may be shown that 
decreasing thyroid function produces a lipaemic change, the relative in- 
creases being in the same order for the several lipids. 

There were no consistent changes in the lipid composition of the red blood- 
cells. The total lipid content varied between 453 and 663 mg. per cent., 
neutral fat between 0 and 90 mg. per cent., total fatty acids between 215 
and 36C mg. per cent., total cholesterol between 112 and 176 mg. per cent., 
ester cholesterol between 0 and 50 mg. per cent., free cholesterol between 
112 and 141 mg. per cent., and phospholipid between 258 and 389 mg. per 
cent. Practically all values were within the normal range, and neither 
decreased or increased thyroid function consistently changed them one way 
or the other. Thus it may be concluded that the thyroid gland affects 
only the concentration of plasma lipids and not those of the red blood-cells, 
so that less change may be expected in whole blood. 

Regarding the cause of these changes in plasma, the evidence available is 
not entirely conclusive or final. Cutting, Rytand, and Tainter (17) have 
shown that in a large series of thyroid cases the blood cholesterol varies 
inversely as the basal metabolic rate, but that a high basal metabolic rate 
due to dinitrophenol does not lower blood cholesterol. Also Hurxthal (18) 
found a low basal metabolic rate in cases due to hypofunction of the adrenal 
or pituitary glands which was not accompanied by a high blood cholesterol. 
Hence variations in blood lipids in thyroid disease would not appear to be 
due directly to changes in the basal metabolic rate. It has been shown 
above that the administration of thyroid substance lowers plasma lipids in 
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hypothyroidism. Thyroid also lowers blood lipids in alimentary lipaemia of 
cats (19) and dogs (20) and causes a partial disappearance of lipaemia due to 
the products of intestinal putrefaction (21), but does not lower blood lipids 
in patients with lipaemia due to nephrosis (3). The thyrotropic hormone of 
the anterior pituitary gland also lowers serum lipids of rats and dogs (22). 
Although the evidence is not entirely in agreement, it would appear in the 
light of present knowledge that variations in plasma lipids in thyroid 
disease are due to the effect of the thyroid hormone or hormones them- 
selves and not indirectly to the change they produce in the basal metabolic 
rate. 


Summary 


The relation of plasma and red blood-cell lipid values to the activity of 
the thyroid gland in diseases of this organ was determined by oxidative 
micromethods in fifteen cases under treatment. It was found that in hyper- 
thyroidism plasma lipids are all decreased in value by approximately 
one-third on the average but no consistent increase was recorded in hypo- 
thyroidism. There were shown to be changes corresponding to an inverse 
relationship between thyroid activity and plasma lipids in cases under 
treatment. As thyroid function increased (judged clinically and by the 
basal metabolic rate) plasma lipids decreased in the relative order neutral 
fat > cholesterol esters > free cholesterol > phospholipid. With decrease 
in thyroid function plasma lipids increased in the same relative order. The 
lipid composition of the red blood-cells was within normal range in 
patients with thyroid disease and did not consistently vary under treat- 
ment. 


This work was aided financially from the Alice F. Richardson Fund of the 
Kingston General Hospital. 
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SUBARACHNOID HAEMORRHAGE 
BASED ON OBSERVATIONS OF EIGHTY-ONE CASES #4 


By A. BRIAN TAYLOR anp A. G. W. WHITFIELD 
(From The Queen’s and General Hospitals, Birmingham) 


SUBARACHNOID haemorrhage arising as a so-called spontaneous medical 
emergency is now frequently recognized and is comparatively familiar in the 
medical wards of general hospitals. Since Symonds’s (1) paper in 1924 
further accounts have appeared in this country clearly setting out the 
typical clinical features and usual pathology of this serious cerebral accident. 
This paper is based on 81 cases which we have found by investigating the 
records of the Queen’s and General Hospitals, Birmingham, for the eleven 
years 1923-1933 inclusive. These 81 cases have occurred among the 
128,000 total admissions (medical and surgical) to the 850 beds of these two 
general hospitals during that period, which works out at 0-63 per 1,000 
admissions. Males were slightly in excess of females, the numbers being 
44 and 37 respectively. The average age was 39-7 years, the oldest being 
69 and the youngest 10, and their distribution in decades was as follows : 


0-10 years . . . I case 
11-20 ,, : ‘ . 9 cases 
21-30 ,, , , « 7 «& 
31-40 _,, ‘ ‘ < ee ws 
41-50 ,, . ‘ « FF x 
51-60 _,, , ‘ — ee 
61-70 _,, ‘ ‘ jo me 


Although subarachnoid haemorrhage is now generally recognized as the 
commonest cerebral vascular accident of young people, yet half our cases 
occurred in patients over 40 years of age. The end result of our 81 cases 
is that 51 (63-4 per cent.) are dead and 21 (25-6 per cent.) were known to 
be alive in 1934, while 9 (11 per cent.) who were discharged from hospital 
alive, and apparently well, could not be traced in 1934. Of the 51 who 
died, only 2 did not die in hospital, one having a second and fatal attack 
a week after he was discharged, and the second committing suicide after 
showing signs of gradual mental deterioration for a period of six years after 
she left hospital. 

It is interesting to note, as the following table shows, that age would not 


1 Received September 2, 1936. 
[Q.J.M. New Series No. 20] Hh 
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appear to be a very decisive factor in deciding the issue of death or 
recovery. 


TABLE I 
Decade. 0-10 11-20 21-30 31-40 41-50 51-60 61-70 
No. of cases 1 9 15 15 17 20 4 
No. of deaths 0 6 7 9 12 13 4 
% of deaths 0 % 66°6 % 46:6 % 60 % 70-6 % 65 % 100 % 
Onset 


The mode of onset of symptoms is extremely variable. It ranges from 
sudden unconsciousness on the one hand to mild headaches on the other, 
while occasionally isolated neurological signs without any generalized effects 
are the first indication of the condition. The following table shows the 
mode of onset in our 81 cases. 


TABLE II 
Mode of onset. Died. Recovered. Total 
Sudden unconsciousness 38 16 54 
Headache without loss of consciousness 0 11 11 
Gradual onset. Gradual recovery 0 1 1 
Headache followed after a considerable interval by un- ll 1 12 
consciousness 
Neurological signs only, without generalized effects 2 1 3 


The classical onset with sudden unconsciousness is thus seen to account 
for two-thirds of the cases. Some unusual forms may be mentioned in 
passing: a woman of 28 was admitted with a history of headache for two 
months which had become worse, and accompanied by drowsiness during the 
two weeks preceding admission. A man of 61 had had severe headache for 
ten days and then while dressing suddenly fell unconscious, dying eight 
hours later. A woman of 35 attended the out-patient department with 
a recent complete paralysis of the third left cranial nerve which had come 
on gradually. Whilst in the out-patient room she suddenly had a fit, 
became unconscious and rapidly died. (In this case an aneurysm of the left 
posterior communicating artery was found which had burst through the 
third cranial nerve into the ventricle.) A man of 27 had a sudden paralysis 
of his right arm and the right side of his face. Blood was found in the 
cerebrospinal fluid, and he subsequently became subject to fits and his 
mentality deteriorated, but in spite of a progression of these symptoms he 
was still alive four years later. 

The occupation of the patient at the time of the onset of symptoms is of 
interest. In 25 of our 81 cases it was not recorded, but below is a table 
setting out the occupation of the remaining 56. 

From these it would appear that effort is a factor in precipitating the 
rupture of a blood-vessel into the subarachnoid space: of the 56 patients 
whose activities were known only 2 were ‘in bed’; all the rest were engaged 
in some active effort. Of particular interest are the cases which occurred 











SUBARACHNOID HAEMORRHAGE 463 


while stooping and while violently blowing the nose, both of which are well 
known as increasing the blood-pressure within the intracranial vessels. 


TABLE IIT 


At work 14 cases 
Indefinite gradual onset 12 
In the street 

Playing cricket 

In bed 

‘Getting up’ 

Doing the washing 
Stooping 

Going to bed 

Dancing 

Hanging clothes on the line 
Blowing nose violently 
Walking 

Gymnastics 

Defaecating 

Bicycling 

At play 

Gardening 

In hospital for purpura 

In hospital for endocarditis 
Attending out-patients 
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Clinical Features 


The typical symptoms and signs are familiar and have frequently been 
described. Among others, a paper by Nattrass (2) clearly describes the 
various clinical pictures that may be met with when the aneurysm bursts. 

Symptoms. As we have already mentioned, in over half our cases (54 of 
the total of 81) there was more or less sudden unconsciousness—for instance, 
the patient fell unconscious while doing the washing ; rushed out of his shop 
complaining of terrible headache and at once fell unconscious ; suddenly 
went blind, fell screaming with agonizing headache and lost consciousness ; 
collapsed unconscious in the street with a left hemiplegia ; these are typical 
stories—and of these 54 cases there was a fatal issue in 38—61 per cent. 

On reaching hospital 43 of our cases were still unconscious, 37 conscious, 
and one dead. 

Where consciousness was not lost, or where there was time for the patient 
to complain before he lost consciousness, headache was a very constant 
symptom. In every case where it was reasonable to presume that the 
aneurysm had burst, and was not giving rise to isolated neurological signs 
before it had burst, headache was complained of. Vomiting was reported in 
21 cases and giddiness in 10. 

The mental state was abnormal apart from unconsciousness in 18 cases, 
ranging from actual delirium to lesser degrees such as incoherence, disorien- 
tation, irritability, and confusion. Actual loss of memory for periods of 
several days covering the time of onset of the haemorrhage was reported 
several times. The mental changes appearing remotely after discharge from 
hospital will be referred to later. 
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Fits as a symptom in subarachnoid haemorrhage are of great interest. 
They occurred in 16 of our cases—usually either at the onset and did not 
recur, or they were associated with a terminal relapse as though there had 
been a further leakage of blood which soon proved fatal. In one case a man 
of 31, unloading a cart in the street, was suddenly seized with intense 
headache, vertigo, and numbness of the left face and left arm. His mind 
went blank, but he did not lose consciousness. He was taken to hospital 
but sent home with a diagnosis of epilepsy and was well again in a few days. 
Four years later the same thing happened again, but he was taken straight 
home. However, the symptoms had not gone after three weeks, so his 
doctor sent him into hospital where he died within a week. The aneurysm 
was at the junction of the basilar and left anterior cerebellar arteries. 

Jacksonian attacks, too, are sometimes seen. In one case a woman of 51 
gave a history of headache and vomiting, and about fifty left-sided 
Jacksonian attacks during the previous nine months. Her blood-pressure 
was 212/110 and she had a hypertrophied heart. No abnormality of the 
cerebrospinal fluid was found. One day she suddenly became comatose, 
had a left hemiplegia and died in six hours. At autopsy subarachnoid 
haemorrhage was found from a ruptured aneurysm in the fissure of Sylvius 
on the right middle cerebral artery 1} in. from its origin. 

The fits that occur as a remote sequel of subarachnoid haemorrhage will 
be discussed later. 

Signs. Signs of meningeal irritation—rigidity of the neck and a posi- 
tive Kernig’s sign—are probably constant in subarachnoid haemorrhage 
where the leak is appreciable and sufficiently recent, and these have come 
to be looked upon as a valuable diagnostic aid. Their presence or absence 
was not noted in 20 of our cases, and in the remaining 61 were recorded as 
present in 39 cases and absent in 22. In most of the cases in which 
meningeal signs were absent, sufficient time had elapsed between the 
haemorrhage ard admission to hospital for these signs to have disappeared 
if they had been present at the onset. 

Generalized rigidity with extension of the limbs was a characteristic 
feature in a number of cases. . As would be expected, in a lesion where there 
is extensive damage to the base of the brain, and from there into the brain 
substance, the plantar responses were frequently found to be extensor in 
type and were recorded as such in 36 cases. 

In many cases more particular neurological signs were noted, and these 
signs are sometimes of value in localizing the position of the aneurysm, 
though this is only of scientific interest once the definite diagnosis of sub- 
arachnoid haemorrhage from a ruptured aneurysm is arrived at. However, 
many cases are on record where an unruptured aneurysm has been diagnosed 
and localized, and though in several of our cases the aneurysm gave rise to 
localizing signs before it ruptured, the cause of these was not recognized in 
any of the cases until rupture of the aneurysm had supervened. Of the 
signs found after haemorrhage from the aneurysm had taken place, hemi- 
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plegia was much the commonest and was recorded in eight cases, though 
sometimes face, face and arm, or arm only were picked out. These signs 
are of course due to the haemorrhage ploughing up certain of the pyramidal 
fibres at some point in their course. A smaller area affected was seen in 
one case where rupture of an aneurysm, at the origin of the left anterior 
cerebral artery, produced a complete lesion of the left 5th cranial nerve, 
and at autopsy the fibres of the nerve were found spread ov-r the 
aneurysmal sac. 

Ocular palsies were frequent but of no localizing value. Unequal pupils, 
strabismus, nystagmus, and 3rd and 6th nerve palsies were found in several 
cases. Ophthalmoscopic examination often affords valuable evidence, and 
in the present series abnormalities were recorded in 18 cases. Haemorrhages 
in the fundus are the most significant, and are usually in relation to the 
optic disk radiating and emerging from its edge. In three of these the 
presence of blood in the sheaths of the optic nerve was demonstrated post 
mortem; this, according to Riddoch and Goulden (3), interferes with the 
venous return from the eye, and the haemorrhages result from this back 
pressure and not by direct communication with the subarachnoid space. 
Papillitis and papilloedema were recorded after the haemorrhage had 
occurred some time and disappeared with recovery. Retinitis was recorded 
in association with generalized arteriosclerosis and nephritis. One patient 
who had had a subarachnoid haemorrhage a year before showed an old 
subretinal haemorrhage at the left disk margin. 

Raised intracranial pressure was suggested in some cases by finding the 
pulse and respiration rates slowed and the blood-pressure raised. Though 
in most cases the pulse rate was between 80-100 per minute, it was less than 
60 in 13 cases, and in 8 cases respiration rates of less than 20 were recorded, 
the lowest being 12 per minute. 

The blood-pressure was recorded in 43 cases, and in 22 of these it was 
over 150 mm. of mercury systolic, the highest being 270/100 mm. in a man 
of 60 who died. It was frequently found to be over 200, and though more 
often in patients over 50 years of age, not necessarily so. In one boy of 
only 17, admitted three weeks after the onset of symptoms in a state of 
drowsiness with headache, photophobia and a 6th nerve palsy, the blood- 
pressure was only 120/82, but following a second lumbar puncture two days 
later, he had two fits. The next day he suddenly became unconscious and 
the blood-pressure was then 242/120 and he died six days later. 

In the majority of our cases in which a raised blood-pressure was found, 
it was obviously due to a sudden increase in intracranial pressure, but it 
cannot be denied that in some patients, especially those in middle and later 
life, high blood-pressure may have existed before the onset of subarachnoid 
haemorrhage and may, in association with arterial degeneration, have been 
a cause and not an effect of their ruptured blood-vessel. 

As would be expected, we found that in all cases the temperature was 
subnormal immediately following the haemorrhage (often 95°), and that if 
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the patient lived as long as 24 hours after the onset of haemorrhage, some 
degree of pyrexia always occurred. This was usually 99°, 100°, or 101°, but 
in one case a temperature of 107° was recorded—this hyperpyrexia is pre- 
sumably analogous to that which may occur in cases of pontine haemorrhage. 
In cases which have one haemorrhage and no recurrence the temperature 
which follows that haemorrhage lasted less than a week in all cases. 

The presence of albuminuria and glycosuria has been discussed in several 
papers (Cookson (4), Symonds (1), and others), and has at times confused the 
diagnosis (Mackenzie (5)). One of our cases was treated for chronic nephritis, 
and it was only at autopsy that it was found that she had had a subarach- 
noid haemorrhage, though she had had an arteriosclerotic kidney as well. 
Difficulty in assessing the importance of the urinary abnormalities, however, 
only rarely arises. Notes of testing the urine are recorded in 61 of our 
cases: of these albuminuria was present in 28 cases (but in no case did we 
find the massive albuminuria recorded by some writers), and sugar was 
present in 8 cases. In two of the latter the blood sugar was 118 and 103 mg. 
per cent. respectively. 

Lumbar puncture is much the most valuable diagnostic aid, and it is often 
impossible to be certain that subarachnoid haemorrhage has taken place 
until this has been done. The cerebrospinal fluid is typically intimately 
mixed with blood, and on allowing the corpuscles to settle, the supernatant 
fluid remains yellow—the classical xanthochromia of previous writers. In 
62 of our 81 cases the C.S.F. was described, and in 57 of these (92 per cent.) 
there was obvious blood; a further two showed yellow fluid and only three 
cases showed clear fluid—one of these with clear fluid came to post mortem 
and subarachnoid haemorrhage was found. The explanation of these rare 
cases of subarachnoid haemorrhage with clear fluid at lumbar puncture is, 
either that the puncture is done before the blood has had time to get down 
to the lumbar theca, or that the sudden rush of blood from a ruptured 
aneurysm causes such a sudden increase of intracranial pressure that a 
pressure cone forms and prevents the blood from travelling down to the 
spinal theca. 

Apart from the increase in protein due to the presence of blood, the 
chemistry of the C.S.F. is usually unaltered, though sometimes the chlorides 
vary. Out of 34 cases in which the C.S.F. was examined, the chlorides 
were low in 7 (lowest 570 mg. per cent.) and raised in 1 (810 mg. per cent.). 


Pathology 


Haemorrhage into the subarachnoid space may of course be primary or 
secondary. Secondary subarachnoid haemorrhage may be caused by an 
ordinary cerebral haemorrhage rupturing through the pia and entering the 
subarachnoid space, or by the blood from a ventricular haemorrhage gaining 
access to the space by way of the foramen of Magendie. Head injuries 
where there is laceration of the brain cause secondary subarachnoid haemor- 
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rhage, and a subdural haematoma—a delayed result of trauma—may also 
leak through into the subarachnoid space. However, in this paper we are 
concerned with primary subarachnoid haemorrhage—that is, haemorrhage 
which has its origin in the subarachnoid space. In our series post-mortem 
examinations were carried out in 43 cases and, as is shown in the table 
below, examples of all the common causes of primary subarachnoid haemor- 
rhage were found. 
TABLE IV 
Cases. 


A. Haemorrhage due to rupture of an aneurysm 33 
Apparent causes of the aneurysms were : 
(i) Congenital (cerebral vessels otherwise normal) 2 
(ii) Degenerative (atheroma or arteriosclerosis of cerebral vessels found) 
(iii) Mycotic (infective endocarditis) 
(iv) Syphilitic 


B. Localized rupture of a cerebral artery (no aneurysm) 


C. Source of haemorrhage not found 
This group comprises : 
(i) Apparently healthy vessels 
(ii) Atheroma of cerebral vessels 
(iii) Purpura haemorrhagica 


OO one BRK ae 


Other causes that have been described by previous writers are: acute 
haemorrhagic infections, tumours and cysts, cerebral angiomata, various 
blood diseases, sunstroke, eclampsia, thrombosis of superior longitudinal 
sinus, periarteritis nodosa. 

The subdivision of the aneurysm group to include congenital and degenera- 
tive types is arbitrary, as there was no gross difference in the appearance 
of the aneurysms themselves. Those placed in the degenerative group all 
showed evidence of arterial degeneration in the cerebral vessels around 
the aneurysm, and they all occurred in patients over 51 years of age, 
whereas only two of the congenital group were more than 51, and all had 
otherwise healthy vessels. The possibility, or even probability, that both 
groups are of congenital origin cannot be denied, especially in view of the 
frequency with which unruptured aneurysms are found post mortem at all 
ages without having caused any symptoms during life (Fearnsides (6) and 
others). In one of our cases the haemorrhage had resulted from the rupture 
of an aneurysm on the cortical branch of the right middle cerebral artery 
and another unruptured aneurysm of similar size was found in a similar 
place on the left side. (This was the only case of multiple aneurysms in our 
series). Another case (not included in the present series) was of a woman 
of 59 who died of softening of the midbrain without any obvious degenera- 
tion of the cerebral arteries, and had two unruptured aneurysms on the 
circle of Willis. 

Histological examination of the aneurysm was only carried out in three 
cases, and the reports were : 

Case 12. Thin fibrous wall to aneurysm. Other arteries normal. 

Case 14. Tunica media replaced by fibrous tissue. No inflammation. 
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Case 25. Vessel near aneurysm shows round cells around and polymorphs 
lining it, with organized and recent blood-clot in the aneurysm. The vessels 
away from the aneurysm are healthy. 

The findings in cases 12 and 14 bear out the generally held belief that the 
‘congenital ’ aneurysms arise from a localized congenital weakness or defi- 
ciency of the tunica media, but they do not help to decide whether there is 
a true degenerative group as well as a congenital group. 

One aneurysm appeared to be due to infective endocarditis. It occurred 
in a woman of 20, in hospital, with that condition considerably advanced 
including periodical peripheral emboli. One day she developed a left-sided 
hemiplegia and died in a few days. Autopsy showed the usual pathology 
and a ruptured aneurysm of the right middle cerebral artery in the Sylvian 
fissure. 

Moore (7) has reported a rather similar case in which he diagnosed and 
localized a cerebral aneurysm, forming suddenly in the course of infective 
endocarditis—it did not rupture, death being due to heart failure, but its 
presence and its accurate clinical localization were confirmed at autopsy. 

We have put one of our cases of ruptured aneurysm in a group by itself, 
with syphilis as the apparent cause, but we must admit that the cerebral 
vessels were not examined histologically, and that beyond the presence of 
a+ + Wassermann in the blood and syphilitic changes in the aorta, there 
was nothing either clinically or at autopsy to differentiate this from the 
other cases of ruptured congenital aneurysm, and probably the presence of 
syphilis was coincidental and not causal. 

One other case had a+ + Wassermann in the blood, but there was nothing 
atypical about this case. He was discharged well and could not be traced 
in 1934. 

The diagram shows the various sites at which ruptured aneurysms were 
found in the 33 cases examined post mortem. 

The sizes of the aneurysms have, where described, been compared to a 
pea or cherry, particularly the former. Actual measurements were only 
given three times (4 cm., 4 cm,, } in. diameter). 

Of the two cases of localized rupture of an artery without aneurysm, one 
was through an atheromatous anterior communicating artery in a man of 60 
with generalized arteriosclerosis and atheroma of the aorta. 

The other was from the junction of the posterior communicating artery 
and the right middle cerebral. The haemorrhage had spread over the right 
cerebral hemisphere causing a left hemiparesis during the six days that she 
lived after the onset. This patient was only 38 years of age and the vessels 
were apparently healthy. 

Subarachnoid haemorrhage secondary to purpura was found in a man of 
22 who collapsed and died in two hours, two days after admission to 
hospital. At autopsy no aneurysm was found, but haemorrhages into the 
skin, pleura and epicardium, as well as the subarachnoid space were found, 
and the bone-marrow showed an erythroblastic reaction. 
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Prognosis and Treatment 


From the 81 cases we have investigated two main features stand out as 
regards prognosis. Firstly, a mortality of 63-4 per cent. indicates the 
immediate seriousness of the condition, and secondly, of the patients who 
survived the accident and left hospital alive, only two are known to have 
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Plan of Circle of Willis to show sites of the 33 ruptured aneurysms found by autopsies 
on 43 cases of fatal subarachnoid haemorrhage. 


died subsequently. One was a man who returned to active work in a public 
house, against advice, immediately after leaving hospital and had a second 
and fatal attack a week later, and the other a woman who recovered from 
a severe attack, but later became melancholic, and six years after leaving 
hospital died by suicidal hanging. 

In the majority of cases the attack treated in hospital was unique for the 
patient up till that time, but there were several instances where patients 
gave a history of previous attacks. Two patients were each in hospital 
twice at intervals of seven years for typical attacks of moderate severity, 
and three others gave histories of apparently certain previous attacks—one 
already described which on the first occasion was diagnosed as epilepsy, but 
the second time was fatal and autopsy proved the haemorrhage. Another 
had had a fit and been unconscious six months previously. The second 
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attack proved fatal and post mortem showed subarachnoid haemorrhage 
arising from a ruptured aneurysm on the right anterior cerebral artery, 
and significantly there was an old blood cyst close by in the right hemi- 
sphere. 

In addition to these five cases, there were ten others with doubtful 
evidence of previous mild attacks which might have been due to small 
leakages from the aneurysm. Collapse with aphasia, headaches in attacks, 
or recurring and fainting turns, were the chief features, and occurred from 
three weeks to ten years before the attack treated in hospital. 

After being brought to hospital the duration of life in the fatal cases 
varied considerably, and in a number there appeared to be a period of 
improvement and then a sudden relapse, as though a further haemorrhage 
occurred, when perhaps restrictions of absolute rest had been partially 
removed. The details of the rapidity with which deaths took place is 
shown in the table below: 


TABLE V 
Within 1-24 1-3 3-14 More than 
1 hour. hours. days. days. 14 days. 
Died in Ist attack 3 cases 20 cases 4 cases 4 cases 5 cases 
Died in Ist relapse B.. by Bi 2 1 case 1 case 
Died in 2nd relapse — 1 case — _ — 
Total 6 cases 24 cases 6 cases 5 cases 6 cases 


In patients who died from what appeared to be a relapse the intervals 
between the onset and fatal relapse in days were—60, 56, 42, 31, 24, 20, 19, 
12, 8, 7. From these figures it is evident that great care must be exercised 
when a patient is recovering from an attack, and that prolonged rest followed 
by slow convalescence should be extended over a period of several weeks 
before any activity is allowed. 

The rapidity with which death may occur is noticeable in comparison with 
death from ordinary cerebrai—intraventricular, capsular, &c.—haemorrhage. 
In the latter condition there is nearly always time between the onset of 
haemorrhage and death for medical aid to be summoned, and a correct 
diagnosis made, but subarachnoid haemorrhage is not uncommonly met with 
by coroners’ pathologists, having caused death in people apparently in good 
health, suddenly stricken quite unexpectedly, and dying in a few hours. 
The explanation of the more rapid death in subarachnoid haemorrhage is 
that immediate and direct pressure on the medulla will occur more readily 
from haemorrhage in the subarachnoid space than elsewhere. Instantaneous 
death probably never occurs from spontaneous intracranial haemorrhage 
(Lamb (8)). 

The following table indicates the fate of the 32 patients discharged from 
hospital alive and well between 1923 and 1933: 
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TABLE VI 


Died subsequently 
2nd attack after a week 
Suicide after six years 


Total 


Con m= 


Could not be traced 


Alive in 1934 
Well and free from symptoms 8 
Further non-fatal attacks 3 
Certified lunatic 1 
Persistent symptoms 9 


Total 21 


One of the striking features of those patients who are well and free from 
symptoms, is the slowness of their return to normal, some reporting that not 
until two years after leaving hospital did they feel themselves again. The 
persistent symptoms in 9 cases consist of transient headaches, fits, ‘ fainting 
turns’, giddiness—while sometimes more particular disabilities are complained 
of—in one a paresis of the right arm and the right side of the face has 
persisted, and in another symptoms of pituitary deficiency have developed. 
Although only one case has been certified as a lunatic, yet five others show 
mental deterioration—dullness, apathy, slovenly habits, and the like. 

The prognosis does not appear to be greatly influenced by special treat- 
ment. Obviously one must endeavour to secure a balance between the 
blood leaking from the burst vessel and the rise in intracranial pressure 
checking the bleeding on the one hand, but with its risk of fatal cerebral 
compression on the other, inducing a further rise of blood-pressure and so 
augmenting the bleeding. To attempt to break this vicious circle by 
lowering the intracranial pressure artificially may lead to release of further 
haemorrhage from the ruptured vessel. We have already emphasized the 
importance of prolonged and absolute rest, and sedatives may have to be 
employed freely to procure this, especially when the meningeal irritation 
provokes abnormal restlessness. Lumbar puncture is of the utmost value 
for diagnosis, but the risk, in removing much cerebrospinal fluid, of precipi- 
tating further haemorrhage must be borne in mind. In order to combat 
this danger, in a few cases we have replaced the fluid removed with half 
the volume of air—this appeared to be efficacious and we think merits 
further trial. 

The indications for lumbar puncture are signs of dangerously increasing 
intracranial pressure, such as deepening coma, respiratory failure, slowed 
pulse, very high blood-pressure, and recurring fits. Here it may save life, 
and the use of the spinal manometer assists one in employing the necessary 
caution. In the presence of severe headache, too, careful release of some 
cerebrospinal fluid may give great relief, and also act indirectly by reducing 
meningeal irritation and so promoting restfulness. Hypertonic magnesium 
sulphate enemata and hypertonic solutions of glucose intravenously also 
have their place in relieving the symptoms arising from increased intra- 
cranial pressure. But, in conclusion, one must admit that the unexpected 
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and entirely fortuitous nature of the accident, in so many cases, precludes 
taking any special care to prevent it, or to check its ravages when it has 
occurred. 


Summary 


We have found 81 cases of subarachnoid haemorrhage occurring as a 
medical emergency in the records of two large general hospitals during a 
period of eleven years. 49 died in hospital: of the 32 discharged apparently 
well, 2 died subsequently, 9 could not be traced, and 21 were known to be 
alive in 1934—i.e. from 1 to 12 years after discharge—and of these only 8 
were free from symptoms. The forms of onset and the clinical features 
have been described. 43 autopsies were made, and in 33 a ruptured 
aneurysm was found on or close to the Circle of Willis; in 8 cases the 
source of the haemorrhage could not be localized, and in 2 cases a vessel 
had ruptured, but no evidence was found of an aneurysm. The prognosis 
is always serious—an immediate mortality of 63-4 per cent. was found—and 
because of the antagonistic forces resulting from the ruptured cerebral 
vessel treatment is necessarily restricted in its usefulness, but the judicious 
and cautious use of lumbar puncture is of the utmost value, and the partial 
replacement of the cerebrospinal fluid by air has been tried and is suggested 
as a helpful adjunct. 


We are indebted to the Honorary Medical Staffs of the Queen’s and 
General Hospitals, Birmingham, for permission to make use of the notes of 
their cases, and for their helpful advice. 


REFERENCES 


. P. Symonds, Quart. Journ. Med., Oxford, 1924-5, xviii. 93. 

. J. Nattrass, Lancet, Lond., 1933, ii. 915. 

. Riddoch and C. Goulden, Brit. Journ. Ophthalmol, Lond., 1925, ix. 209. 
. Cookson, Brit. Med. Journ., Lond., 1933, i. 555. 

. M. Mackenzie, zbid., 1933, i. 824. 

. G. Fearnsides, Brain, Lond., 1916, xxxix. 224. 

. F. Moore, Brit. Med. Journ., Lond., 1929, i. 1141. 

. W. M. Lamb, Personal communication. 


SP Pw Po 
Dim QwWO 


- 
aoe 











473 


616.633.786.452.3 


CONGENITAL PORPHYRINURIA! 
A POSTSCRIPT 


By ARCHIBALD GARROD 2 


In the year 1926 there appeared in this Journal a series of papers on 
congenital porphyrinuria, or porphyria, by Drs. Hugh Ashby (1), A. M. H. 
Gray (2), and by Dr. L. Mackey and myself (3). The last paper was a sequel 
to an earlier one, also published in this Journal in 1922. The three cases 
upon which these papers were based illustrated between them almost all the 
symptoms which go to make up the syndrome associated with this very rare 
inborn error of metabolism. 

Such errors are of interest to the biochemist because they throw light on 
the normal working of the metabolic processes ; to the student of genetics 
because they help to reveal the meaning of the familial incidence of morbid 
states and the influence of parental consanguinity. But they have clinical 
interest also as examples of constitutional peculiarities—or diatheses—which 
render their subjects susceptible to external influences that are harmless to 
normal people. Thus the anomaly under discussion is an outstanding 
example of disease provoked by exposure to light. 

The recorded examples of congenital porphyria are few, and most of them 
have been under observation for relatively short periods. An account of 
what has happened to the three patients during the ten years since 1926 
should be a contribution worth making to our knowledge of the anomaly. 

Thanks to the kind co-operation of those who have had the patients under 
observation during the period (Drs. L. Mackey, H. Ashby, A. M. H. Gray, 
and F. A. Roper) it is possible to present such an account. Obviously such 
a postscript can be of little use unless it be taken in conjunction with the 
original papers, which are of considerable length and, inconvenient though 
it be to have to refer back, there is no way in which it can be avoided. 

My own task is merely that of editor. The facts are contained in the 
following reports : 


Case A. Male (3). In 1926 this patient was aged 9; he had passed 
dark red urine from the first days of life; the milk teeth were of deep pink 
colour, and such permanent teeth as were cut were similarly coloured ; 
there was hydroa vacciniforme on exposure to sunlight; the liver and 
spleen were enlarged in 1926, but not in 1922. There was no other 


1 Received May 28, 1936. 

2 In November 1935 the editors agreed to a request from Sir Archibald Garrod to 
publish this postscript. He died on March 28, 1936, and was unable to make a final 
revision of his paper. 
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known case in the family. The parents were not related. ‘This boy who 
is not a hospital patient, has not been under continuous medical observation. 
His general health has been fairly good. His mother looks after him with 
care, and he himself has realized from childhood that he must avoid un- 
necessary exposure to light. He attended school from the age of seven till 
he was sixteen, and has since attended a night school. He has learned 
carpentering and makes a little money by such work. He has always 
avoided bright light, has stayed indoors during the bright hours, and wears 
a hat and gloves when out of doors. For a time the quinine ointment 
mentioned by Ashby was applied, but his mother says that though it allayed 
itching it did not seem to avert the blistering, and owing to the difficulty of 
applying it when he attended school its use was given up. The boy is very 
sensitive about the condition of his face.’ 

As to his present condition, Dr. Mackey reports : 

‘TI have seen G. L., who is now nineteen years of age. His height is now 
5 feet 8 inches, and his weight is 9 stone. Apart from the local troubles 
his general health is good. His teeth, which at first were pink, and later 
brown-pink, are now of a deep brown, coffee colour, but are otherwise in 
good condition. His face has a mummy-like café au lait tint, and is drawn 
tight by years of scarring. The pinnae of the ears have been to a great 
extent destroyed, but the lobes are almost the only parts of the face and 
neck which remain soft and unscathed. The hair is thin and fine in 
texture ; there are no scars upon the scalp. His eyes have escaped entirely ; 
he wears tinted glasses out of doors. The hands are severely affected, 
scarring has tightened up the skin everywhere, and the fingers are much 
contracted—so much so that one would think it to be impossible for him to 
handle his carpenter’s tools. Bullae still appear in exposed parts, and when 
seen he had two large blisters, with blood-stained contents, upon one hand. 
Elsewhere than on his neck, hands, and wrists, his skin is quite unscarred. 

The colour of the urine is always that of port-wine, and is of even a 
deeper tint than during childhood. The most striking change in the boy’s 
condition is that the liver and spleen, which had been impalpable in 1922, 
and in 1926 were so much enlarged that they were felt two or three inches 
below the costal margin, are now again impalpable. Physical examination 
revealed nothing amiss with the heart and lungs.’ 

Dr. Brailsford was kind enough to take an X-ray picture of the hands, 
and he reports as follows: ‘The radiograms of the hand, wrist, and forearm 
show that the epiphyses have fused, except those of the lower ends of the 
ulna and radius (the latter usually fuse in the male between the age of 
sixteen and eighteen years). Very severe contractions of the fingers are 
shown, and the terminal phalanges are atrophic, as in cases of scleroderma. 
The cancellous extremities of the long bones appear to have rather less 
density than the normal.’ An examination of the blood was made on 
March 29, 1936, and showed: 


Haemoglobin . : ‘ 80 per cent. 
Reds ' ' ’ i 4,632,000 
Whites : ; : : 6,800 
Polymorphs . ; ; 46-5 per cent. 
Small lymphocytes . ; 39-5 

Large ~ ‘ ‘ 4.5 
Monocytes ‘ ; , 7:0 
Eosinophils ‘ ’ ‘ 2-0 


Basophils . : ; : 0-5 
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A few red cells showed polychromasia. No nucleated red cells. A small 
degree of poikilocytosis and anisocytosis. Bleeding time was 4 minutes. 


Case B. (See Hugh Ashby (1).) Female, only child. No other case 
known in family, parents not blood relations. Urine dark red from birth. 
Hydroa vacciniforme at four months. In 1926 nearly four years old. Milk 
teeth deep pink when cut. 

Dr. Ashby reports: ‘M.M. has now reached the age of fourteen years 
and is still an only child. She has been under observation continuously 
since 1926, and indeed from the age of twelve months. She is a well-grown 
girl, 5 ft. 4 in. in height, and weighs 6 st. 2 lb. Her general health has been 
good ; she has attended school regularly, and wishes to start work soon. 

The milk teeth were lost at the normal time, and the permanent teeth 
were cut without trouble. These are in good condition, but have the same 
brown-pink colour which the milk teeth had. A section of one of the 
temporary teeth showed the same colour throughout its structure. The 
liver and spleen are not enlarged ; the heart and lungs are normal. A blood- 
count shows normal red corpuscle and leucocyte counts, and normal percen- 
tage of haemoglobin. The urine and faeces remain as dark in colour as 
formerly. The urine does not vary in colour. Great care has always been 
taken to avoid exposure to direct sunlight, and the quinine cream (the pre- 
scription for which is given in my earlier paper), is applied to her face 
whenever she goes out into a bright light. When the cream is tinted a 
proper colour it is rendered little noticeable. Her mother is convinced that 
it has been of the greatest value. The child also wears a large hat, gloves, 
and stockings which cover the knees. The mother has noticed that strong 
winds, coupled with sunshine, have more deleterious effects than sunshine 
alone, and on that account holidays are always taken in a locality which is 
sheltered and never by the open sea. 

In the areas which are exposed to light, the girl’s skin is firmer than 
normal, and these areas show an excessive amount of dark hairs. There 
are a number of scars of hydroa vacciniforme on her face and hands, but 
fresh bullae are seldom seen nowadays, owing to the great care taken of her 
and the fact that the girl herself, being older, takes care to prevent their 
formation. When bullae do develop they quickly become purulent, and are 
slow in healing. Slight injuries may cause bulla formation in exposed areas, 
and she bruises unduly easily in all parts. Her shins are covered with 
bruises.’ 


Case C. (See A. M. H. Gray (2).) Female, aged 18 years; third of 
eight children. Parents first cousins. No other case known in family. Red 
urine and hydroa vacciniforme dated from age of 5 years. Teeth not 
coloured by porphyrin and show no pink fluorescence. Hirsuties on face. 

During the past ten years the patient has been under observation by 
Dr. F. A. Roper at Exeter, to whom I am indebted for the following report : 

‘I. E., now aged 30 years, has remained under my supervision since 
September 1925, and I gladly respond to the suggestion that I should furnish 
a brief progress report. The patient’s condition appears to be undergoing 
a very gradual deterioration in several respects to be mentioned. As far as 
observed, and certainly during admissions to hospital, she has been con- 
siderably ill from blistersin summer. The urine has invariably remained of 
the same deep port-wine colour. Blistering invariably follows exposure to 
direct sunlight in spring or summer, and, as formerly, occurs exclusively on 
the face, neck, upper part of front of chest, and backs of hands ; and to a lesser 
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extent on the extensor surfaces of the forearms and on the ankles. The 
patient has found Dr. Ashby’s quinine vanishing cream a material protec- 
tion. The facial hirsuties remains as before, but latterly the circumoral area 
has developed a condition of crowded multiple fibromatosis, with tendency 
to pedunculation of many of the lesions. As the years pass the stunted 
appearance of the fingers, even in proportion to the infantile hands, becomes 
more striking. The fingers are stiffened, and the thumbs and left forefinger 
are almost immobile from the effects of recurring scarring. The finger-nails 
are all deformed or rarefied, and the left forefinger-nail is completely lost. 
The exposed V-area of the front of the chest is irregularly deeply pigmented, 
as are also the ankles. The discarding of thick for silk stockings always 
exacts its penalty. The general colour of the covered skin-areas remains 
the same peculiar light brown. The liver is not enlarged, but the spleen 
has recently become plainly palpable. 

During the fine summer of 1933 the left eye suffered severely, and coinci- 
dently with an outbreak of facial blistering. The vision of this eye was 
reduced to ‘‘ hand movements”, where it has remained. For purposes of 
this report Mr. Ranson Pickard, the ophthalmologist, has kindly examined 
her forme. He finds that the eye now shows a dense white ectatic leucoma 
to which the iris is adherent, and which obscures the lower two-thirds of the 
cornea. There is a pterygium on the inner side. The lids are normal. 
The right eye, the vision of which is normal with correction, has a pterygium 
on its inner side, and from this there extends an opacity along the lower 
third of the cornea, the surface of which is indented but with no loss of 
epithelium. On the outer side, 2mm. out from the limbus, are some minute 
brown specks. Lids, iris, lens, and vitreous are normal ; fundus anaemic.’ 

I am also indebted to Dr. W. A. Robb for having examined the blood on 
the 21st January 1936. His report is as follows: 


Red cells (in millions) . ; i 2-600 per c. mm. 
Hb per cent. . , ‘ , , 38 per cent. 
Colour index . , : ‘ ‘ 0-73. 


There is much anisocytosis ; some cells show central pallor, others are 
well-filled with haemoglobin; no nucleated forms seen. Mean diameter not 
estimated, because a reliable result is extremely difficult to arrive at owing 
to the anisocytosis. 

The white cells were 7,000 per c. mm., namely : 


Lymphocytes... ; ‘ ; 29-5 per cent. 
Polymorphs . ‘ : ¥ . oF s «& 
Large mononuclears . : ‘ «ss. -«* 
Eosinophils. : : , ; —.“s. « 
Neutrophils. ; : ' ' _, aa 
Basophils , ; ’ : ; a 


Platelets were found to number 161,200 per c. mm. 
The serum gave a positive indirect van den Bergh reaction (quantitatively 
1-2 units). 


Note on Blood Count performed on January 21, 1936. 


It would appear that the bone-marrow is now in a state of exhaustion 
following upon a iong period of stimulation. Erythropoiesis is particularly 
affected. There are no immature red-blood cells nor polychromasia to be 
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seen in a stained film, and although some of the cells are well stocked with 
haemoglobin, others are only partly haemoglobinized. It is suggested that 
an excessive splenic activity producing destruction of corpuscles may be 
a factor in causing the present marked degree of anaemia, in addition to a 
depression of the erythropoietic factors. The change from an excess of 
blood cells to a figure below the normal range also lends colour to the view 
that splenic activity is increased. 


Commentary 


Heredity. In the more recent descriptions of cases of congenital porphyria 
the family histories are usually mentioned, but the records are still too few 
to allow definite conclusions to be drawn as to the mode of heredity. 
Familial occurrence is undoubted; in not a few instances two or more 
members of a sibship born of normal parents have been affected. Some 
subjects have been children of consanguineous parentage, and amongst these 
the patient Case C; but one would expect a larger proportion with such 
parentage if the anomaly be a Mendelian recessive. In such, the greater 
the rarity of the condition, the higher the proportion of consanguineous 
parents to be expected. There is no doubt that congenital porphyria is 
extremely rare—rarer even than alcaptonuria. 

Porphyrinuria. It will be noted that in all three cases the urine has been 
of port-wine colour throughout the decade. In two cases it had been so from 
birth, whereas in that of Case C the onset was stated to have been at the 
age of five, and variations of depth of colour had occurred. For a time, 
during a febrile attack the colour had been almost normal. Such variations 
have been observed in other cases. Where the porphyrin which is excreted 
day by day and year by year comes from, is one of the outstanding problems 
which the anomaly presents. It is not necessarily accompanied by any 
diminution of erythrocytes, nor of haemoglobin ; but there are some grounds 
for the suggestion that there is increased haemolysis balanced by increased 
haemopoiesis. However, the more recent work on the porphyrins, and 
notably that of Hans Fischer and of Keilin, shows a wide distribution of 
these pigments through the animal and vegetable kingdoms, and renders it 
very doubtful whether the uro- and kopro-porphyrins here found are inter- 
mediate products either in the building up or in the breaking down of 
haemoglobin. 

Coloration of Teeth. In 1926 a few of Case A’s second teeth had been cut, 
and it was mentioned that they were coloured as the milk teeth were. As 
was to be expected, the permanent teeth are all deeply coloured ; those of 
Case A which were originally pink are now described as coffee-coloured ; those 
of Ashby’s patient are brown-pink. Since 1926 several other cases with 
coloured teeth have been described. 

In a paper published in 1926 Sato and Takahashi (4) described a 
remarkable case of a Japanese infant, which had previously been described 
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in a Japanese journal. He was the seventh child of normal parents 
who were not blood relations. The symptoms were porphyrinuria, noticed 
shortly after birth, hydroa induced by light, enlarged spleen, and profound 
anaemia of chlorotic type, and purplish discoloration of the teeth. The 
child died at the age of about 16 months. An elder brother and sister died 
in infancy with exactly similar symptoms. 

In 1929 Marcozzi (5) of Pisa described a boy, aged 6 years, with the 
characteristic symptoms of congenital porphyria. A sister aged 3 years 
was healthy. The parents were not consanguineous. The red urine was 
noticed in the earliest days of life; hydroa at the age of 2 years. The milk 
teeth had a chocolate-brown colour. 

I am permitted by Drs. B. A. van Graefeiland and C. H. Peachy of 
Rochester, N.Y., to mention that they have under observation a girl under 
2 years of age, whose urine has been red from birth, who developed hydroa 
on exposure to sunlight, and whose teeth are pink in colour. This case has 
not yet been published. 

Unfortunately we shall never know whether the twin sisters in an Italian 
family, described by Heider (6) in 1862, who alone in their sibship had rose- 
red teeth, both temporary and permanent, suffered from the anomaly under 
discussion for, neither in the abstract in the Dental Review, nor in the 
original paper which Prof. Julius Bauer was good enough to look up for me, 
is there any mention of the general condition of the patients. 

It will be noticed that all the cases referred to were in children, but seeing 
that the permanent teeth share the peculiarity, this can hardly be more 
than accidental, nor, as far as I know, has any adult subject been said to 
have had such teeth in early life. In Gray’s case of an adult the teeth 
showed the silvery fluorescence of normal teeth, whereas those of the children 
showed a brilliant pink fluorescence. On the other hand, it is noteworthy 
that all the subjects with such teeth are stated confidently to have passed 
red urine from the earliest days of life. Case C, on the other hand, is said to 
have first exhibited the red urine and hydroa at the age of 5 years. Seeing 
that it is pretty certain that the porphyrin in the enamel is adsorbed by 
the lime salt, and laid down: when the enamel itself is formed, one is driven 
to the view that there is a connexion between the time of onset of the 
porphyria and the colour of the teeth. There is experimental evidence that 
only growing teeth or bones become so stained. 

Mention must here be made of the investigations of Pfluger (7) and 
Maacke (8) in Hamburg on porphyrin in teeth. The latter examined 
two teeth from congenital porphyrinurics in which the enamel was not 
stained. Their results, published in 1931, agreed with our earlier ones, with 
which they were not acquainted. 

Hydroa vacciniforme and sensitivity to light. When I saw the three patients 
in 1925 I got the impression that they differed considerably in their sensi- 
tivity to light, and later developments support that view. But it would be 
rash to assert this definitely, seeing that the subjects were not living under 
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like conditions. All three patients and their parents were fully alive to the 
importance of avoidance of exposure to bright light, and took care to avoid 
such exposure as far as possible; but we cannot judge how uniform that 
care has been. The environment, too, differed. Case B has spent her life in a 
smoky, northern, industrial town ; Case A in a midland town, also industrial ; 
whereas Case C lives in a south-western one. Again, in this connexion, 
differences of housing and of clothing have to be taken into account, and 
other factors, such as the age and general health. All that can safely be 
asserted is that in some the harm wrought by the hydroa is worse than in 
others at the same ages. One factor which must not be forgotten is the use 
of the fluorescent quinine cream, which Ashby first tried in his case, and in 
the protective power of which two of the patients express the strongest belief. 
This was used with the hope of protecting the skin from ultra-violet rays, 
by their conversion into visible ones, and it has been shown to protect an 
area of normal skin from sunburn. It is to be hoped that it will be tried in 
all future cases of the anomaly. 

The relation of the hydroa to the porphyria is another of the outstanding 
problems of congenital porphyria, and the question was discussed at some 
length in the papers of 1926. Reference may also be made to an important 
paper by Schreus and Carrié (9) published in 1931. These authors, who 
noticed independently the production of bullae in exposed areas, as the 
result of slight traumata (described by Heath in our case in 1922), made 
a histological examination of the unexposed skin of an adult subject 
and found abnormal thinness of the surface epithelium, and paucity of 
capillary blood-vessels in the papillae. They suggest that the porphyrins, 
permeating the skin, may give rise to changes which render it sensitive to 
light. The problem is made harder by the difficulty of reproducing experi- 
mentally skin lesions at all like those of hydroa vacciniforme, although some 
porphyrins undoubtedly render animals sensitive to light. A preliminary 
‘ exposure seems to be needed before sunlight gives rise to the characteristic 
eruption. Again, there are cases of congenital porphyrinuria without hydroa, 
and conversely cases of hydroa vacciniforme apart from porphyrinuria. 
These last may have familial incidence, but so far as I know they have not 
exhibited the grave effects seen in the porphyrin cases. 

The implication of the conjunctivae and cornea, from which Case C has had 
the misfortune to suffer, is a recognized complication of hydroa vacciniforme, 
which has been observed in several cases in adults. 

Enlargement of Spleen and Liver. It will have been noticed that the spleen 
of Case C, which was not palpable in 1926, can now be felt. That is in con- 
formity with what has been observed in other cases, but it is noteworthy 
that there has also developed a pronounced degree of anaemia. This does 
not always happen; in Case A the splenic enlargement between 1922 
and 1926 was not associated with such blood changes. In the Japanese 
infants described by Sato and Takahashi profound anaemia was associated 
with great splenic enlargement, and it is likely that such enlargement occurs 
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sooner or later in all cases. The liver is less often enlarged. What is 
remarkable is that in Case A the enlargement of both organs has subsided. 
What is known of the morbid anatomy and histology of the condition is con- 
tained in an article by O. Lubarsch Handbuch der speziellen Pathologischen 
Anatomie und Histologie. Of the three patients only Case C shows any 
conspicuous change in the blood condition since 1926. 
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THE GEE-THAYSEN DISEASE! 


IDIOPATHIC STEATORRHOEA OF ADULTS AND ADOLESCENTS 
IN NON-TROPICAL COUNTRIES 2 


By HENRY MOORE, W. R. O’FARRELL, J. A. GERAGHTY, 
J. MURRAY HAYDEN, anp M. A. MORIARTY. 


With Plates 16 and 17 


In recent years considerable interest has been aroused by the occurrence 
in adult residents of non-tropical countries of a symptom-complex resembling 
the ‘ coeliac affection’ as described by Samuel Gee of London in 1888. This 
syndrome in adults has been called by some non-tropical sprue, owing to its 
similarity to sprue of tropical incidence, and by others idiopathic steator- 
rhoea, because of the abnormally increased fat content of the stools of 
patients suffering from it. Wood (1) was, apparently, one of the first to call 
attention to a disease resembling sprue occurring in residents of the United 
States, and he quoted a similar case mentioned by Simon in 1911. 

The late Hess Thaysen (2) (3) of Copenhagen wrote admirable descriptions 
of this disease in adults in 1929 and 1932; he reported 8 cases and analysed 
34 others already recorded. Holmes and Starr (4) in 1929 recorded 5 adult 
cases in the United States. Bennett, Hunter, and Vaughan (5) in 1932 
_ published a study of 15 adult and adolescent cases and gave a summary of 
the literature. Mackie (6) in 1933 collected 71 cases from the literature and 
added one of his own. In 1935 Hess Thaysen (7) reported 6 further cases, 
and others have also been described. There are now about 100 cases re- 
corded, but in some of them the diagnosis may be open to doubt and some 
are not fully reported. 

We met with our first example of the disease in a female patient of 26 
years of age in 1925; this case was successfully treated at that time for 
anaemia and the union of 5 spontaneous fractures of bones. We saw another 
female adult case in 1926 who died later with symptoms of severe tetany. 
Diarrhoea was not a prominent feature in the first case, and it was not seen 
or complained of in the second case until about 2 years after we first saw 
the patient. 

This syndrome, as now understood, was not generally recognized in adults 
as a disease entity until some considerable time after we saw our first two 


1 Received September 8, 1936. 
2 From the Mater Misericordiae Hospital, Dublin. 
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cases, and chemical stool analyses were only rarely carried out at that time. 
From early in 1930 up to the present time we have met with and studied 
eight cases of steatorrhoea with bone subcalcification or hypocalcaemia, and 
we were able to recall the first case for further investigation. Thus we have 
a series of 10 cases of this peculiar syndrome for consideration. Notwith- 
standing the excellent monographs of Hess Thaysen and of Bennett, Hunter, 
and Vaughan, we imagine it worth while to record our 10 cases, because it 
seems likely that this disease in adults is not too uncommon and because our 
cases seem to be fairly representative of this very interesting and varied 
syndrome. Possibly mild cases are of more frequent occurrence than is at 
present thought. 

Gee’s (8) classical description of coeliac disease appeared in 1888, and it is 
interesting to note that he definitely stated that the ‘ coeliac affection’, 
which he called a kind of chronic indigestion, is met with in persons of all 
ages, although it is especially apt to affect children between 1 and 5 years 
of age. Gee’s paper was apparently forgotten until Herter (9), in America, 
gave a good account of the malady in children in 1909; he showed that it 
was accompanied by a negative calcium balance and an increase of fat in 
the stools ; he showed, further, that the fat lost in the stools cannot be attri- 
buted to any failure of pancreatic lipase, but rather to a diminished power 
of absorption, for fatty acid is present in normal amount in the faeces. 
Herter also drew attention to the fact that a considerable percentage of the 
total fat lost in the faeces is in the form of calcium and magnesium soaps of 
the fatty acids, and that the loss of calcium may be great enough to cause 
a negative calcium balance. In one case he calculated that the loss of 
calcium would be equal to 36 grm. of calcium oxide over a year. In recent 
times Gee’s disease in children has been carefully studied by Parsons (10). 
This author (11) can see no essential difference between coeliac disease in 
children and idiopathic steatorrhoea of adults, but holds that there are 
differences between coeliac disease and tropical sprue. 

Notwithstanding Gee’s early statement that coeliac disease may be en- 
countered in persons of all ages, it is only within recent years that the fact 
of its existence in adults of non-tropical countries has been definitely accepted. 
Gee was also apparently aware that the disease is met with in adults who 
had never been in the tropics. Thaysen (2) put forward strong arguments 
in 1929 that coeliac disease, non-tropical sprue, and tropical sprue are 
probably all one and the same disease, or at least, a closely related group; 
but he suggested that, until their aetiology and pathogenesis become more 
fully understood, it might be more correct to classify them as a special group 
of diseases, which he called the idiopathic steatorrhoeas, so as to emphasize 
their near relationship rather than identity. In 1932 (3) he stated that his 
work convinced him that all three were the same disease, originally de- 
scribed by Gee. Holmes and Starr (4), in 1929, described 5 cases showing 
emaciation, anaemia, hypocalcaemia, and fatty diarrhoea ; they called the 
disease non-tropical sprue, but stated that it might with equal justification 
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be classified as coeliac disease of adults. Bennett and his co-workers (5) 
consider that coeliac disease and non-tropical sprue are identical but that 
tropical sprue is a separate but closely related entity. In recent years these 
and other observations have revived what undoubtedly was Gee’s opinion, 
namely, that coeliac disease is not confined to children alone; this view 
seems to be supported by the papers of Thaysen and of Bennett, Hunter, 
and Vaughan, which should be consulted by those interested for a more 
detailed account of the literature. 

In the interest of clarity, and in order to give credit to those observers 
who have been chiefly instrumental in the recognition, description, or separa- 
tion of these three interesting disease entities, we suggest that coeliac disease 
of children be called the Gee-Herter disease, that idiopathic steatorrhoea, as 
it occurs in adults or adolescents of non-tropical countries, be called the 
Gee-Thaysen disease, and that the name sprue be retained for the disease as 
it occurs in adult residents of tropical countries. It may be that a better 
nomenclature will become apparent as the obscurity at present surrounding 
the pathogeny and aetiology of the idiopathic steatorrhoeas becomes more 
clear. The name idiopathic steatorrhoea is not a suitable one, for steator- 
rhoea is common to all three and the term idiopathic is simply a teleological 
confession of ignorance; steatorrhoea, also, occurs under other conditions. 

The Gee-Thaysen disease, as it occurs in adults, is characterized by stea- 
torrhoea and disturbances of calcium and phosphorus metabolism ; these are 
constant findings, at least at certain times, in all cases. The stools are nearly 
always at certain periods voluminous, pale or pale yellow, with a sour odour ; 
several voluminous semi-solid motions may be present each day for a certain 
length of time, or more or less continuously ; but the diarrhoea may not be 
constant, and it may alternate with a period when the weight of the daily 
stools is within normal limits (remissions, or, as Thaysen calls them, good 
periods). Many of the cases give a history of chronic diarrhoea in childhood, 
and in some cases the latter persists to adult life. Anaemias of various 
types, tetany, hypocalcaemia, osteomalacia, wasting of the body and in- 
fantilism are common. Abdominal distension and colonic dilatation are 
also frequently met with, but not as constantly or as markedly as in child- 
hood cases. Skin lesions are not uncommon, and peculiar flake-like opacities 
are often seen in the lens with the slit-lamp. The clinical picture varies 
considerably from case to case, but, with the recently acquired knowledge of 
the disease in mind, it seems quite definite. One feature necessary for 
a definite diagnosis is an increased percentage lipoid content of the stools 
with normal fat splitting, although even the former may at times be absent 
in some cases during a remission. 

The complicated and somewhat varied picture of the Gee-Thaysen disease 
in adults becomes more definite if the following diagnostic criteria are borne 
in mind: 

1. The fasting blood-sugar is frequently below normal. The blood-sugar 
curve after the ingestion of 50 to 60 grm. of glucose, for the glucose tolerance 
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test, is often on a low level; it usually, but not constantly, tends to be ‘ flat’ 
or depressed in shape, the rise from the fasting to the highest reading being 
less than 40 mg. per cent. Thaysen attributes this abnormal glucose tolerance 
curve to defective blood-sugar regulation rather than to faulty absorption. 

Badenoch and Morris (12) studied the absorption and utilization of glucose 
in children suffering from Gee’s (coeliac) disease; they concluded that the 
blood-sugar curve after glucose ingestion is flat in the acute stage of the 
disease but approaches the normal during a convalescent period ; that simul- 
taneous administration of fat and glucose flattens the curve in healthy 
children, and that intestinal fermentation of carbohydrate is an important 
factor in the production of the flat curve after glucose ingestion. These 
authors suggest that the cause of the flat blood-sugar curve in coeliac disease 
is some abnormality in the physico-chemical changes of the intestinal con- 
tents. The general consensus of opinion appears to be that the low blood- 
sugar curve in the steatorrhoeas is due to defective intestinal absorption. 

The fasting blood-sugar was below 90 mg. per 100 c.c. in 8 and the curve 
can be called depressed in 7 and subnormal in 8 out of 9 of our cases so 
tested (Table I). 

2. The basal metabolic rate is said to be increased above normal without 
clinical evidence of hyperthyroidism in about 50 per cent. of cases ; in others 
it may be normal or subnormal. It was significantly increased in 4 out of 
9 of our 10 cases; in 2 of these, however, there was reduction in height due 
to softening of the bones, and it is possible that the resulting disturbance of 
the height-weight relationship might result in an error of body surface 
estimation sufficiently great to render the reading of the B.M.R. somewhat 
too high; in one of these two cases (No. 5) there were signs of mild hyper- 
thyroidism, but the degree of the latter was judged on clinical grounds to be 
considerably less than indicated by the height of the B.M.R. The metabolic 
rate if high may return to normal during a remission. It is difficult to 
explain the increase in the basal metabolic rate; Badenoch and Morris (12) 
suggest that in Gee’s disease in children it might be due to the relatively 
high proportion of active metabolic tissue in the emaciated patients. 

3. The nitrogen excretion in the faeces must not by much exceed about 
3 grm. in 24 hours; in rare instances it may be slightly raised. This is an 
important point stressed by Thaysen in the differential diagnosis between 
idiopathic and pancreatogenous steatorrhoea, for in the latter condition the 
faecal nitrogen excreted may be considerably increased and osteoporosis 
may also occur. This requirement seems to be fulfilled in all our cases, for 
in any of them the maximum 24-hour excretion of faecal nitrogen did not by 
much exceed this figure (Table IT). 

4. A disturbance of calcium, phosphorus, and bone metabolism is said to 
be always present; Bennett, Hunter, and Vaughan state that in a series of 
15 cases they have never met with a normal skeleton. The skeleton changes 
may take the form of dwarfism, dwindling of height, bone subcalcification, 
spontaneous fractures, osteomalacia and bending of bones, ununited epiphysis, 
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deformity, or pain and tenderness over the bones and joints. In 4 of our 
cases the subcalcification of bone was sufficiently severe to lead to multiple 
spontaneous fractures or osteomalacia and marked bony deformities. In 
judging the degree of bone calcification it is important to obtain a control 
rontgenogram of corresponding normal bones, both réntgenograms being 
taken simultaneously on the same film. Réntgenograms of bone sometimes 
show cross striations, denoting periods of increased calcification, of the juxta- 
epiphyseal region of the metaphysis (3 of our cases). The blood calcium is 
frequently below normal, as in 6 of our cases, and it may fall so low that 
tetany may result (2, and possibly 3, of our cases). The blood calcium may, 
however, be normal even with general sub-calcification of bone (4 cases) and 
in this connexion one must remember that the blood calcium reading gives 
only the level of the calcium tide, and from it alone one cannot tell whether 
the calcium tide is flowing to or from the bones. Nine of our cases showed 
some degree of general bone subcalcification and the remaining one had 
a blood calcium content well below normal. Thus all our 10 cases had 
clinical evidence of abnormal calcium metabolism. 

According to Thaysen the skeleton changes are to be regarded as the 
clinical manifestations of the abnormal calcium and phosphorus metabolism. 
Imperfect calcium absorption is an important factor, but is apparently 
a result of the primary disorder, namely, the diminished lipoid absorption 
from the intestines. The faulty calcium absorption and skeleton changes 
are probably, in part at least, accounted for by the unabsorbed fatty acids 
of the intestinal contents combining with calcium, the resulting calcium 
soaps being absorbed with difficulty, but they may also be due in, part to 
defective absorption of vitamin D. 

The serum inorganic phosphorus is sometimes below normal (3 of our cases). 

5. Anaemia is frequent and is probably found in about 70 per cent. of all 
cases. It was present in 7 of our 10 patients. 

Thaysen stated that hyperchromic anaemia was found in about 70 per 
cent. of 34 cases, whereas Bennett and his co-workers found it in only 2 out 
of 15 cases. Amongst our 10 cases megalocytic hyperchromic anaemia was 
found in 2. Hypochromic anaemia was found in 5 of the 15 cases reported 
by Bennett et al., and it was present in 5 of our 10 cases. 

Thaysen noted that simple anaemia (with a colour index of 0-9 to 1-0) 
may also be found, and that one type of anaemia may change to another, 
being hyperchromic during a bad period and hypochromic or simple during 
a remission. 

Bennett et al. described an erythroblastic anaemia in 2 of their cases, 
but this was never observed in ours. 

The hyperchromic anaemia may be easily confused with pernicious 
anaemia, the blood picture being so similar; but the presence of HCl in 
the gastric contents (as in 2 of our cases) should throw doubt on the diagnosis 
of Addisonian anaemia. The hyperchromic anaemia is probably due, as in 
tropical sprue, to defective absorption of specific haematopoietic substances 
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necessary for the maturation of the erythroblasts in the marrow ; this view 
is supported by the success achieved in the treatment of this type of anaemia 
by giving liver extract by mouth or intramuscularly. The hypochromic 
anaemia is due to defective absorption of iron and yields to adequate iron 
therapy. 

6. A yellowish-brown discoloration of the skin of symmetrical distribu- 
tion is described by Thaysen as of frequent occurrence, but we observed skin 
pigmentation in only 3 cases. 

7. Gastro-intestinal symptoms :— 

(a) Glossitis was found in 70 per cent. of cases by Thaysen and in one- 
third of the cases of Bennett et al. It was present in 7 of our 10 cases. 
When it is present the tongue may be too clean, too red, shiny, perhaps 
furrowed, and generally or locally bald because of atrophy of the papillae. 
In one (Case 6) of our cases with hyperchromic anaemia the tongue, which 
showed the typical glossitis on admission, became quite normal after treat- 
ment, and in one with hypochromic anaemia which showed mild glossitis, 
the latter disappeared after treatment. 

(6) Achlorhydria is said to be of frequent occurrence. It was found in 
2 out of 12 cases by Bennett et al. Achlorhydria was present with the 
gruel fractional test meal in 7 of our 10 cases; 2 of these cases had small 
amounts of HCl after histamin injection, but 4 failed to respond to histamin 
in this manner, and in another (Case 2) HCl was found subsequently in small 
quantity (12 points) in a vomit. It is stated that there is no constant rela- 
tionship between glossitis and achlorhydria. 

(c) Diarrhoea was noted in 5 of the 15 cases reported by Bennett et al. 
while the patients were under observation, but there was a history of long- 
standing diarrhoea in 12. These authors concluded that in this disease in 
adults and adolescents diarrhoea is frequently absent, although a history of 
its previous occurrence is often obtained; our experience agrees with this. 
Thaysen mentions all gradations from voluminous, watery, foamy stools, 
resembling dirty dish water, later becoming mushy, sour smelling, greyish- 
white like porridge, and finally, as the patient improves, changing to a 
yellowish or brownish mass of normal consistency, but often still voluminous. 
Diarrhoea was an actually observed occurrence at some period in 6 of our 
cases, but in only one (Case 1) were the stools observed to be watery, although 
they were frequently in others semi-solid, mushy, voluminous, and pale or 
pale yellow. A history of previous liquid and periodic diarrhoea was 
obtained in 8 of our cases, and it was definitely dated back to childhood in 
4 cases; but the other 4 patients could not remember how long they had 
suffered from periodic diarrhoea. The chemical analysis of the stools will be 
referred to later. 

(d) Abdominal distension is considered to be a very conspicuous symptom 
by Thaysen, but it is not constant according to Bennett et al. It was present 
to some extent in 7 of our cases, but it was never extreme. 

(e) Distension of the colon with poor marking of the haustrations, judged 
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by réntgenological examination after a barium enema, is of common occur- 
rence and can be said to have occurred in 5 of our cases; this dilatation of 
the colon is thought to start in the distal colon and thence to spread to 
the transverse and ascending portions. 

(f) Snell and Camp (13) infer from a réntgenological study of 7 cases of 
idiopathic steatorrhoea that their findings suggest an inflammatory condition 
of the small intestine and occasionally of the stomach, duodenum or colon. 
We cannot say that we have been able to confirm this. The gastro-intestinal 
tracts of all of our cases were carefully studied by X-ray examination (barium 
given by mouth and per rectum), but we were unable to draw any definite 
conclusions. Our findings are summarized with the case histories. 

8. Bennett et al., found the blood urea below 30 mg. per 100 c.c. in 11 
out of 14 cases. The blood urea was below 30 mg. per 100 c.c. in 6 of our 
10 cases. The blood cholesterol was below 150 mg. per 100 c.c. in 8 out of 
9 of our cases; one was not tested in this respect. In one case complicated 
by mild obstructive jaundice it was high (607 mg.). 

9. Lens changes. On slit-lamp examination Bennett et al. found flaky, 
powdery opacities in the various layers of the lens, and less commonly 
crystalline opacities, in 6 out of 13 cases. Bilateral flaky and powdery 
opacities were found in the lens by Dr. D. O'Donoghue in 4 out of 9 of our 
cases (3, 4, 6, and 7); they were most obvious in Case 6 and they did not in 
any case interfere with vision. One patient was not subjected to slit-lamp 
examination. 

10. Steatorrhoea. (Nine of our cases showed steatorrhoea on chemical 
examination (Table II) ; in Case 2 the stools were not chemically examined, 
but microscopically showed neutral fat. Fowweather (14) states that (a) any 
stool which has more total fat than 28 per cent. of the dried matter is 
probably abnormal, (b) where neutral fat exceeds 11 per cent. of the dried 
matter one should suspect defective fat splitting, and (c) if the total split fat 
(i.e. soap fat and free fatty acid) exceeds 16 per cent. of the dry matter one 
should suspect deficient fat absorption. Nine of our cases fulfil these require- 
ments as regards steatorrhoea, for the faecal analysis shows too high a 
percentage of total fat, normal fat splitting, and defective fat absorption 
according to these standards. 

Case 2 showed excess of lipoids in the stool on microscopic examination, 
but a faecal fat analysis was not done. She had, however, the most severe 
diarrhoea of the series, hyperchromic anaemia without achlorhydria, hypo- 
calcaemia, subcalcification of bones and tetany—a combination of symptoms 
pointing definitely to a diagnosis of the Gee-Thaysen disease in an adult. 

In Thaysen’s cases the faecal lipoid output for 24 hours varied from 15-9 
to 66-7 grm., the average being 36-59 grm. (about three times the normal). 
The average loss of fat was equivalent to about one-third of the amount 
ingested. In some of his cases Thaysen got considerably more fat excreted 
in 24 hours than we did in most of ours; this may be due to the fact that 
the stools of none of our 9 cases were chemically examined in a very active 
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state of diarrhoea—indeed, severe diarrhoea was only a prominent feature in 
Case 2—or perhaps it may be accounted for by different analytical methods. 
Thaysen states that the loss of fat is subject to considerable variation in the 
same patient in different attacks of diarrhoea; in the remissions the total 
faecal lipoids (grams) may even become normal as shown by his figures in 3 
out of 9 cases, and in several of our 9 cases (Table IT). 

In all our cases the 24-hour stools were chemically examined on several 
successive or non-successive days, often after the patients had been on 
definite diets for from 3-7 days previously; the stools were generally col- 
lected for analysis during 72-hour periods, but the corresponding results in 
the Table are given for 24 hours. Fifty-three such analyses were done in 
8 cases (the stools in Case 2 were not chemically analysed). Case 1 had 
4 such analyses done, Case 3 had 13, Case 4 had 4, Case 5 had 7, Case 6 had 
8, Case 7 had 6, Case 8 had 3, Case 9 had 3, and Case 10 had 5. 

With regard to the question as to whether the percentage lipoid content 
of the stools becomes reduced after curtailing for some days the fat intake, 
we do not feel that we can draw definite conclusions from our own observa- 
tions. In several determinations, however, a reduction of the percentage total 
faecal lipoids did occur after curtailing the fat ingested, but it would be 
unwise to draw general conclusions from this study ; on the whole, it would 
appear that the percentage of total lipoids in the stools is usually, in some 
degree, directly influenced by the quantity of fat ingested (see Table II). 
For example, Case 5 showed 51-4 per cent. total faecal lipoids after being 
for several days on a diet of C 211, P 89, F 78, but only 23-38 per cent. 
total lipoids after a diet of C 201, P 83, and F 23; the total lipoids rose 
again to 38-4 per cent. on a diet of C 183, P 83, and F 82. Case 4 gave 
total faecal lipoids of 36-5 per cent. on a diet of C 244, P 100, and F 116 
for 6 days previously, and when the diet was reduced to C 240, P 88, and 
F 40 for 6 days the faecal lipoids fell to 24-2 per cent. Case 7 gave total 
faecal lipoids of 24-56 per cent. after 5 days on a diet of C 261, P 109, 
and F 181, and 16 per cent. after 7 days on a diet of C 264, P 107, and 
F 109. 

Case 3 had 32-12 per cent. total faecal lipoids on a ward diet containing 
about 120 grm. of fat and 21-2 per cent. lipoids in the stools when the fat in 
the daily diet was reduced to about 24 grm. 

Case 5 had 51-4 per cent. faecal lipoids when 3 days on a diet of 
C211, P 89, and F 78, and 23-38 per cent. faecal lipoids after being for 
3 days on a diet of C 210, P 83, and F 23, but the faecal lipoids then 
rose to 38-4 per cent. after some days on a diet of C 183, P 83 and F 82. 

Case 6, on the contrary, showed 31-8 per cent. faecal lipoids after 4 days 
on a diet of C 403, P 159, and F 215, and 34-2 per cent. faecal lipoids 
after 6 days on a diet of C 330, P 129, and F 66; but 4 days later, on 
the same diet, it fell to 26-86 per cent. only to rise again in 6 days to 
34-2 per cent. on the same low fat diet. 

Case 10 showed about 52 to 58 per cent. faecal lipoids on a diet contain- 
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ing 90 grm. of fat, and 51 per cent. lipoids when the fat in the diet was 
lowered to 45 grm. 

We do not feel sufficiently sure of the diets in the other cases to note the 
results, and in any case too few analyses were done in these cases. 

We feel that there is in this disease a fruitful field for research on fat 
balance tests combined with blood-fat determinations under carefully con- 
trolled conditions ; calcium balance studies done simultaneously might also 
be valuable, but such a scheme could not be undertaken by us with the 
facilities at present at our disposal. 

Typical chemical analyses of the stools of 9 of our cases, calculated for 
24-hour periods, are given in Table II; the analyses were usually done after 
the patients had been for several days on the ordinary controlled ward diet, 
which contains about 90 to 110 grm. of fat, or on diets containing different 
quantities of fat as stated in the tables. Some patients, however, did not 
consume the full diet and were not asked to do so. The total grams of fat 
excreted in 24 hours and the faecal nitrogen are given in Table II. 

Careful microscopical examination was made of the stools in all our cases 
for evidence of pancreatic digestive deficiency with negative results, and the 
stools were also microscopically examined after staining with Sudan III and 
Nile blue sulphate; in all cases excess of neutral fat, fat combination or 
fatty acid crystals were found. None of our cases showed true creatorrhoea. 

11. Bennett et al. found infantilism in 10 of their 15 adult or adolescent 
cases; in two men in their series the testicles were infantile, and in a third 
poorly developed ; in some of the women menstruation had not occurred or 
was delayed, but in three it was normal; the secondary sex characteristics 
were often poorly developed. Infantilism was present in six of our ten 
cases as related in the histories. 

12. Mild blepharitis was found in two of our cases (Nos. 9 and 10). 

Symptoms of subacute combined degeneration of the spinal cord and of 
peripheral neuritis are mentioned by some authors but were not observed in 
any of our cases. Oedema of the legs was present in one case (No. 2), but it 
yielded readily to treatment. 

This extraordinary combination of symptoms gives a definite, although 
rather varied, clinical picture. There is a characteristic tendency to 
remissions and relapses in the course of the disease. Apparently, the blood 
calcium level tends to fall in the relapse when diarrhoea is more severe and 
to slowly rise in the period of remission. The pathogenesis apparently 
depends in large measure upon faulty absorption from the small intestines 
of lipoids, calcium, phosphorus, iron, vitamins, and haematopoietic bodies, 
in varying degrees in different patients, sometimes with, probably secondary, 
endocrine disturbances. The primary fault is, apparently, the imperfect 
intestinal absorption of lipoids, but the cause of this condition is quite 
unknown at the present time; the deficient absorption of all other sub- 
stances seems to be in some way related to, or dependent upon, the defective 
absorption of lipoids. There is no definite information at present available 
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as to the basic aetiological or pathological factors involved in bringing about 
this imperfect absorption. 

Each of our cases was subjected to a very careful detailed physical and 
laboratory examination ; in order to save space only relevant findings are 
given in the following case summaries. None of our cases have ever resided 
in the tropics, and all were born in Ireland. The blood Wassermann reaction 
was done and found negative in 9 of the 10 cases and there was no 
reason to suspect syphilis in the other. No parasites or ova were found in 
the stools in any case, and in none was there any clinical or radiological 
evidence of tuberculosis. While the patients were under treatment it was 
endeavoured to have their diets physiologically balanced and especially to 
ensure a normal dietetic intake of vitamins A, B1, B2,C, and D. When 
additional vitamin intake was administered it is recorded in the case 
histories. Dental treatment was given when indicated. 

The following methods were used for the blood biochemical analyses : 

Sugar, creatinin, non-protein nitrogen : Folin-Wu method. Urea: method 
of van Slyke and Cullen. Uric acid: Herman Brown’s modification of the 
Folin-Wu method. Calcium: Clark-Collip’s modification of the Kramer- 
Tisdall method. Inorganic phosphorus: method of Benedict and Theis. 
Cholesterol: method of Myers and Wardell. Serum bilirubin (quantita- 
tive) : method of Tannhauser and Andersen. The Roth-Benedict basal meta- 
bolism apparatus was used. 

The technique used for the faecal lipoid analysis was that of Fow- 
weather (14), using the moist stool as voided, without preliminary drying 
and after thorough mixing. The nitrogen was estimated in the ordinary 
way by a Kjeldahl determination. The chemical analysis of the stools were 
carried out by Miss Phyllis Ryan. 

A general summary of our cases is given in Table III. In Table I the 
glucose tolerance tests are given in milligrams of blood-sugar per 100 c.c. of 
blood before and after the ingestion of 50 to 75 grm. of glucose. Table II 
shows the faecal chemical analyses as percentage of the total dry matter 
and as grams per 24 hours. Many more biochemical determinations were 
done than are mentioned in the text or tables. 


Case Histories 


Case 1. Female (S8.J.), unmarried, aged 28 years. Admitted Feb. 3, 
1925. Family and previous history was not significant. The onset of her 
present trouble began 5 years previously with pains in her hips and lower 
limbs, weakness referred to the ‘small of the back’ on walking, and occa- 
sional vomiting, diarrhoea and gastric flatulence. For a month before 
admission she was almost completely confined to bed because of weakness 
and pain on walking. On examination she was well developed, weighed 
203 Ib. and measured 5 ft. 6 in. in height. There appeared to be 
slight anaemia and the tongue was smooth and furrowed with the papillae 
atrophic. Pressure over the bones was painful, especially in relation to the 
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pelvis, ribs, and lower vertebrae. Her gait was waddling and obviously 
difficult and painful. Blood examination gave 75 per cent. haemoglobin, 
3,528,000 erythrocytes, and 7,000 leucocytes per cm. The gruel fractional 
test meal showed complete achlorhydria even after repeated gastric 
lavage with peroxide of hydrogen solution, but there was little gastric 
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Fig. 1. Case 1. The serum calcium as related to the administration of hydro- 
chloric acid by mouth (sixty minims thrice daily after meals). The curve is not drawn 
to scale as regards time and represents 715 days. 


mucus. The faeces, which were pale yellow, soft, and voluminous showed 
a few undigested muscle fibres, neutral fat, and fatty acid crystals. 
The serum calcium was 7:8 and inorganic phosphorus 3 mg. per 100 c.c.;" 
the blood urea varied from 19-6 to 21-4 mg. per 100 c.c. Radiography 
revealed, in addition to general bone subcalcification, a fracture of each 
ramus of the pubis on both sides about an inch from the symphysis pubis, 
and 1 fracture of the fifth left rib in the mid-axillary line—5 fractures in 
all, with no callus formation. The clinical, physical, and laboratory ex- 
aminations revealed nothing otherwise abnormal. 

The patient was kept at rest in bed for 1 month, and during this time 
frequent radiographs showed no evidence of healing of the fractures. At 
this time we were interested in the suggestion of Telfer (15), namely, that 
achlorhydria predisposes towards imperfect calcium absorption and that in 
patients with achlorhydria the administration of suitable doses of hydro- 
chloric acid by mouth might promote calcium assimilation. As we were 
ignorant of the cause of the 5 fractures, and as the bones in this case 
showed poor calcification, we thought it might be well to test this suggestion 
by giving the patient hydrochloric acid by mouth and watching for healing 
of the fractures. Accordingly, the patient was given 1 drachm of dilute 
hydrochloric acid (B.P.) by mouth in a mixture thrice daily after food and 
kept in bed, on a general diet, without any other treatment. In 34 days 
rontgenograms revealed callus forming in all the fractures, and in 76 days 
the fractures were all firmly united. Five days after starting the acid 
treatment the blood calcium rose to 9-6 mg. per 100 ¢.c. and varied when 
tested every few days between this figure and 9-8. The acid was stopped 
after union of the fractures, and within 2 weeks the blood calcium fell to 
8-3. This patient was kept under observation for several months; it was 
repeatedly found that the blood calcium could be raised to from 9-2 to 
10-2 mg. per 100 c.c. within two weeks of giving hydrochloric acid as above 
described, and that it fell to from 6-5 to 8-4 within three weeks of discon- 
tinuing the acid treatment (Fig. 1). It certainly seemed as if this treatment 
caused a rise in the blood calcium and healing of the fractures, but with 
several other cases of hypocalcaemia and achlorhydria the oral administra- 
tion of HCl was in only one case (tetany) followed by a sustained rise of the 
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calcium content of the blood. We now record the facts for what they are 
worth. This patient was allowed to leave her bed and to walk around 
freely after the fractures had united. Her hypochromic anaemia yielded 
to treatment with iron, and the case was reported elsewhere in this con- 
nexion (16). She was finally directed to take hydrochloric acid and calcium 
by mouth, but proved very unfaithful in following these rules; in 1933 she 
was advised to take calciferol in addition. 

In July 1934 the patient was induced with difficulty to submit to re- 
examination in the light of the recently acquired knowledge of the Gee- 
Thaysen disease. She had decreased in height by 4 in. in the previous 
64 years; this was mainly due to compression of the dorsal and lumbar 
vertebral bodies and of the sacral vertebrae as a result of osteomalacia. 
There was general decalcification of the bones, but there were no fractures. 
She had discontinued treatment for about 2 years in 1932-3 but had been 
taking calcium and calciferol by mouth for a year prior to the re-examina- 
tion, and was on a diet moderate in fat. The B.M.R. was normal (+9 per 
cent.). Test meal showed achlorhydria even after histamin injection. The 
glucose tolerance test showed a depressed curve. Gastro-intestinal tract 
X-ray examination showed a slightly hypotonic colon, some ileal stasis 
apparently due to adhesions in the ileocolic region, a redundant pelvic colon 
and nothing else abnormal. Chemical stool examination showed 33-8 to 
41-1 per cent. of total lipoids with normal fat splitting, and 1-78 grm. 
nitrogen per 24 hours; at that time, and for (one) year previously, there 
was no diarrhoea and the stools were more normal in appearance than 
during the first period of observation. 


Case summary. Osteomalacia, hypocalcaemia, 5 fractures, hypochromic 
anaemia, low blood-sugar curve after glucose ingestion, and steatorrhoea. 
The result of treatment was good, and probably would have been better had 
the patient been faithful to treatment; the fractures united within eleven 
weeks, but decrease of stature of 4 in. occurred over 6} years. 

At the time of writing the patient is in good health, performing her 
ordinary household duties and taking calcium gluconate, calciferol (0-75 mg. 
per 24 hours) and HCl by mouth. She is on a low fat diet. 


Case 2. Female (A.M.), married, no children, aged 43 years. Admitted 
Oct. 26, 1926. Previous history did not seem significant except for oc- 
casional attacks of diarrhoea, vomiting, water-brash, and sore tongue for 
several years previously, but she was not sure whether they dated back to 
childhood. Physical examination: very poorly nourished, face and mucous 
membranes pale, red, beefy, sore tongue with atrophic papillae, and small 
ulcers on the buccal mucous membrane of lips; moderate oedema of legs; 
weight 80 lb. without clothes; height about 5 ft. 3 in.; gruel test meal 
showed achlorhydria. Blood count: erythrocytes 2,350,000 per cm., haemo- 
globin 73 per cent., colour index 1-35; anisocytosis, poikilocytosis, and 
megalocytes present; leucocytes 4,800 per cm., differential leucocyte count 
normal. The blood urea nitrogen was 13 and the uric acid 3 mg. per cent. 
The plasma van den Berg test was negative (direct and indirect). The urea 
concentration test and routine urine examination were normal. Réntgeno- 
logical examination of the gastro-intestinal tract revealed an atonic, some- 
what dilated ascending colon with poorly marked haustrations and some 
degree of pylorospasm ; the duodenum was normal. The physical examina- 
tion revealed nothing otherwise significant. The patient was considered to 
be a case of pernicious anaemia and treated with full doses of hydrochloric 
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acid by mouth and the Minot liver diet (the latter was changed to liver 
extract when it became available). She improved rapidly and made a com- 
plete recovery as regards anaemia, oedema, and lip lesions; in 3 months 
she gained 21 lb. in weight. She remained well until August 1927, when she 
had an attack of sciatica and then discontinued the liver and HCl. Towards 
the end of 1927 she developed tetany, with severe carpo-pedal spasms lasting 
one or two days; these attacks occurred at irregular intervals, usually once 
or twice a week. 

She was readmitted in Feb. 1928 with a severe and typical attack of 
tetany ; carpo-pedal spasms, Trousseau, Chvostek, and Erb signs were 
present; the serum calcium was 5-7, the blood urea 15, and the serum 
inorganic phosphorus 5 mg. per cent.; the blood count was normal. A 
fasting vomit contained on examination a considerable amount of HCl, and 
this finding threw doubt on the diagnosis of pernicious anaemia; she refused 
a further test meal. There was the greatest difficulty in controlling the 
carpo-pedal spasms from Feb. 14 to May 23, 1928, when the patient left 
the hospital; dilute HCl in drachm doses thrice daily by mouth, 60 gr. 
of calcium chloride per day by mouth and smaller doses by intravenous 
injection, 40 units of parathormone daily for 7 days subcutaneously, and 
ultra-violet light, separately or together, all failed to give much relief, and 
she left hospital little improved. During all this time the blood calcium 
remained low (4:9 to 6-5 mg. per cent.). During the remainder of 1928 
tetany and diarrhoea were very troublesome, several attacks of spasms 
occurring on many days although she was taking HCl and calcium (as well 
as liver), and they eventually became so severe that she was readmitted on 
Jan. 1, 1929. The blood calcium on that day was 5-6 mg. per cent., but fell 
as low as 4-2 a few days, afterwards; the erythrocytes were 3,810,000, the 
leucocytes 3,600 per cm., and the haemoglobin 90 per cent. During 1928-9 
she had frequent attacks of diarrhoea; the stovls were as a rule soft, pale 
yellow, voluminous, and sour smelling, but at times were very thin, watery, 
and greyish. Radiological examination showed a definite but moderate 
general decalcification of bones, and gastro-intestinal tractz X-ray examina- 
tion showed merely an atonic dilated colon. Treatment with HCl and 
calcium lactate or chloride by mouth, calcium chloride intravenously, ultra- 
violet light, and 20 to 40 units of parathormone per day subcutaneously, 
was carried out for 14 days without success in controlling the tetany or 
significantly raising the blood calcium. Finally, in despair, we tried half 
an ounce of cod-liver oil, thrice daily, by mouth; within a week the blood 
calcium rose to 8 mg. per cent. and the tetany disappeared (Figs. 2 and 3). 
As the cod-liver oil seemed to make the diarrhoea worse (as might have been 
expected) it was changed to an ounce of osto-malt thrice daily with equally 
beneficial results to the tetany and much less diarrhoea (the more concentrated 
vitamin D preparations were not at first available) (Figs. 2 and 3). 

The patient left the hospital in Feb. 1929 taking full doses of HCl, liver 
extract, and radiostoleum (30 minims per day) by mouth, but we were not 
able to keep in touch with her afterwards. She died late in 1929 with 
symptoms of severe tetany. 

No chemical stool examination was made in this case, as it was not 
generally known when she was under observation that Gee’s disease occurs 
in adults. The microscopic examination of the diarrhoeal stool in 1928, 
during an attack of tetany, showed excess of soaps, fatty acid crystals, and 
a little neutral faty (she was not taking any oily preparation by mouth at 
this time). There is little doubt that she was a case of Gee-Thaysen disease, 
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because of the diarrhoea, hypocalcaemia, tetany, decalcification of bones, 
megalocytic anaemia without achlorhydria, and low blood urea. This case 
had the most severe diarrhoea of all our cases. It is not improbable that 
this patient’s life might have been saved if the importance of lowering the 
fat intake were realized at the time. 
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Case summary. Megalocytic hyperchromic anaemia without achlorhydria, 
alleviated by liver treatment ; hypocalcaemia, subcalcification of bones, severe 
tetany, diarrhoea with neutral fat and fat combinations seen in the faeces, 
low blood urea, death. The case was almost certainly an example of the 
Gee-Thaysen disease. 


Case 3. Female (J. B.), unmarried, aged 22 years. Admitted Jan. 19, 
1930, complaining of weakness and inability to walk or stand ; she had never 
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menstruated. Being rather stupid, it was difficult to glean much informa- 
tion from her as to previous illnesses; she did admit that she had suffered 
from periodic attacks of diarrhoea for some years when a child, but she 
could not give even approximate dates. About 18 months prior to admission 
she stated that she got tired easily and could not walk because she felt that 
her legs would not support her. She said that about 10 months before 
admission she had a spontaneous fracture of the right femur above the knee ; 
when being brought to another hospital the left femur got broken in the 
same location ; while in that hospital she said that the weight of the bed- 
clothes broke her right leg above the ankle, and soon after the right femur 
was fractured in the upper third. 

Summary of physical examination. Poorly nourished, obvious anaemia ; 
tongue red, smooth, slightly furrowed and papillae atrophied ; moderate 
pyorrhoea alveolaris and dental caries; hands and feet small and slender ; 
‘haemic’ heart murmurs. The thighs were bent concave inwards. Infan- 
tilism with absent axillary hair, scanty pubic hair, and infantile uterus 
(Dr. A. Spain), but the breasts were well developed. Réntgenological 
examination revealed a normal sella turcica, infantile type of chest, trans- 
verse fractures of upper and of lower third of right femur partially united in 
faulty position and much callus at site of lower fracture, another transverse 
fracture in lower half of left femur, the epiphyseal lines of the knees all still 
visible, fractures of the lower half of both tibiae, fracture of lower third of 
the right fibula partially united with angulation (6 fractures altogether). 
The lower fibular and tibial epiphyseal lines and those of the lower end of 
radius and ulna were visible, and several transverse lines of increased density 
in the upper and lower parts of the shafts of tibiae denoted periods of 

Aucreased calcification in the past. Epiphyseal lines were still present in 
certain of the small bones of the hands and feet and in ail the phalanges. 
The epiphyseal plates of the lower dorsal and lumbar vertebrae were not 
fused, there was scoliosis of the dorsal spine, the sacro-coccygeal spine showed 
a compression deformity and was situated low in the pelvis, the ileo-lumbar 
angle being very acute. Many minor bone deformities were present. There 
was marked subcalcification of all the bones. It was obvious, therefore, that 
bone calcification was grossly abnormal. A short time after coming to this 
hospital another patient helped her to sit up in bed by grasping her right 
arm, and fractured her humerus in the middle third (seventh fracture). 

General clinical examination revealed nothing further of interest except 
the deformities due to fractures and a bluish tint of the sclerotics. Her 
height was 3 ft. 11 in. and she weighed 70 lb. 40z. She was completely bed- 
ridden. The blood count showed 3,600,000 erythrocytes and 6,000 leucocytes 
per cm. and 45 per cent. haemoglobin (hypochromic anaemia); the dif- 
ferential leucocyte count was normal. The case was reported elsewhere in 
relation to the anaemia (16). Fractional test meal showed complete achlor- 
hydria even after gastric lavage with dilute hydrogen peroxide. The B.M.R. 
was +45 per cent. with no clinical evidence of hyperthyroidism: as the his- 
tory indicated that the patient was taller some years previously, the B.M.R. 
was recalculated on a more normal height and then fell within normal limits. 
Slit-lamp examination revealed no abnormality of the lens of either eye. 
The blood chemical tests gave the following readings in mg. per 100 c.c.: 
urea 42, uric acid 2-2, creatinin 1-2, inorganic phosphorus 1-27, calcium 6-2 
(a week later 5-4). The anaemia yielded to iron by mouth, but she was slow 
in attaining a normal blood count, as we were studying the response of 
hypochromic anaemia to different iron preparations at that time; however, 
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she had 76 per cent. haemoglobin and 5,800,000 erythrocytes per cm. in five 
months. She was also put on the ordinary ward diet and treated with 
10 grm. of calcium chloride thrice daily, drachm doses of dilute hydro- 
chloric acid, and increasing doses of radiostoleum up to 1 drachm thrice 
daily by mouth (calciferol was not then available). The blood calcium 
gradually rose; in 4 weeks it was 9-14 mg. per cent.; it varied from 7-8 to 
9 mg. per cent. during the next 5 months. Frequent réntgenological examina- 
tions were made from Feb. to Aug. 1930, but although the blood calcium 
was almost normal during most of the time there was no attempt at callus 
formation at the fracture sites nor any increased bone calcification. Occa- 
sional attacks of diarrhoea occurred during the first few weeks in hospital. 
She returned home in Aug. 1930, taking iron, hydrochloric acid, calcium 
chloride, and radiostoleum, and on full diet. 

The patient was recalled to hospital in July 1934. While at home 
(Aug. 1930 to July 1934) she continued to take the calcium chloride, hydro- 
chloric acid, radiostoleum, and iron as prescribed. Radiological examination 
on readmission showed that all the fractures had healed, although the 
position in some was faulty; the epiphyseal plates of the lower dorsal and 
upper lumbar vertebrae were not fused, but all the other epiphyses were united 
(she was now 26 years of age); the neck of the left femur showed a varus de- 
formity and there was marked adduction of the shaft; there was no general 
increase of bone calcification (Plate 16, Figs. 4 and 5). The blood count was 
practically normal, and the girl looked and said she felt in much better 
health, although she had never left her bed while at home after the previous 
discharge. She was unable to walk or stand. The blood chemical tests were 
as follows in mg. per cent.: urea 36, sugar 85, calcium 8-5, inorganic phos- 
phorus 3-9, and cholesterol 107. The glucose tolerance test showed a ‘ flat’ 
curve. The B.M.R. was not significantly different to the previous test. 
Faecal analysis showed 32-12 per cent. total fat with normal fat splitting. 
Gastro-intestinal tract X-ray and barium enema examination showed nothing 
abnormal. The stools were generally bulky, rather pale, and averaged about 
6 oz. per day in weight, but sometimes were 12 to 14 oz.; and there was 
nearly always at least 1 stool per day, but sometimes 2; some excess of 
soaps and fat combination were seen on microscopical examination. Test 
meal showed achlorhydria, even after histamine injection. She remained in 
hospital from July 1934 to Aug. 1935; during this time she took daily by 
mouth 60 ¢rm“6f calcium gluconate, 1-5 mg. calciferol, together with HCl 
and iron. She was also on a low fat diet during this period. On this treat- 
ment the blood calcium remained practically normal for the whole period 
(9-8 to 10-1 mg. per cent.). She was powerless to walk or stand, mainly 
because of the adduction deformity of the femoral shafts and bilateral pes 
equinus. Mr. Henry MacAuley started to correct these deformities in Feb. 
1935, by lengthening the tendo Achilles on each side and removing a cunei- 
form wedge of bone from the left femur; bony union of the surgical fracture 
was slow (Fig. 6), and later the patient was given re-education, electrical 
stimulation of muscles, and massage; she was able to walk with the aid of 
crutches in the following July. The structure of the piece of bone removed 
from the femur was normal, but neither as dense nor as strong as normal 
bone. Réntgenological examination showed that the surgical fracture had 
partially united by callus formation in July 1935 (Plate 16, Fig. 7), and 
that some general increase of bone calcification was then apparent. 

This patient was sent home (Aug. 1935) on a low fat diet and calcium, 
calciferol, and hydrochloric acid by mouth, but she discontinued the calci- 
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ferol after a few weeks. She returned in Nov. 1935, looking well, and able 
to walk on crutches, and ready for surgical attention to the deformity of the 
right femur. She had gained almost 7 lb. in weight since the previous ad- 
mission. She was re-examined with the slit-lamp on her readmission and 
found to have numerous bilateral, fine, white opacities in both the anterior 
and posterior lens cortex, most marked in the subcapsular layers. There 
was no further general increase of bone calcification, but there was sufficient 
bony union of the osteotomy site (left femur) to allow her to stand with 
a little support. It was then planned to straighten the right femur, as this 
leg had almost 1 in. of shortening, and there was marked outward angulation 
of the shaft of the right femur at the junction of the lower and middle third, 
with genu valgum; in this way we hoped to get her to walk unaided. 
Calciferol (2:25 mg. per day) was restarted. Open osteotomy of the shaft of 
the right femur and manual osteoclasis of the right tibia and fibula were 
executed by Mr. Henry MacAuley on Dec. 18, 1935, and the patient’s leg 
was put in plaster. Well calcified callus was seen at the operation sites on 
Jan. 24, 1936. The patient was able to walk (for the first time in 8 years) 
in May 1936 (Fig. 8) with the aid of a walking calliper on the right leg and 
a walking-stick; the calliper was necessary because of hyperextension of 
the knee-joint owing to hypotonicity of the hamstring and calf muscles (see 
Plate 16, Figs. 4 to 8). On June 20, 1936, the réntgenograms showed a 
slight general increase of bone calcification; the surgical fracture of the 
right fibula was apparently united by bone in good position; the tibial frac- 
ture was impacted in good position, but bony union or callus could not 
be definitely demonstrated ; at the osteotomy site in the right femur bony 
union was present between the outer and posterior margins of the bones with 
angulation (apex backwards) : a definite increase of calcification was apparent 
at the osteotomy site in the left femur as compared with the picture taken 
in July 1935 (Fig. 6). Apparently the calcification of osteoid tissue took 
place very slowly at the sites of the surgical fractures, and general bone sub- 
calcification was still very considerable even in June 1936. The patient’s 
locomotion was, however, fairly good with the aids of the calliper and 
walking-stick. 


Case summary. Hypochromic anaemia, achlorhydria, hypocalcaemia, sub- 
calcification of bone and 7 fractures, occasional diarrhoea, low blood-sugar, 
infantilism, and steatorrhoea with normal fat splitting. The anaemia re- 
sponded to treatment and the 7 fractures united ; operative treatment of 
the bony deformation was necessary later. The patient who was completely 
bedridden for 8 years is now able to walk with the aid of a walking calliper 
and stick. 


Case 4. Male (R.C.), aged 223 years. Admitted on Nov. 21, 1930, 
suffering from tetany. He stated that he had been subject to frequent 
periodic attacks of diarrhoea, especially in winter, since he was 13 years of 
age, but that he could not remember whether this trouble existed previously. 
His appendix was removed in 1926. Since he was 13 he said that he 
suffered in the spring of each year from attacks of tingling, stiffness, and 
rigidity of the hands and feet. These attacks became much more severe 
since 1928, and manifested themselves daily in winter and spring, but never 
occurred during summer or autumn; his description indicated severe carpo- 
pedal spasms of tetany. Physical examination on admission showed the 
patient to be in a typical and severe attack of tetany; Trousseau, Chvos- 
tek, and Erb signs were positive, and there were severe carpo-pedal 
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spasms. The beard was sparse, not strong, and he said that it was only 
necessary for him to shave twice a week; the pubic and axillary hair was 
scanty, and the former of feminine distribution ; the testicles were rather 
small, and on interrogation it seemed that libido was absent. The voice was 
high-pitched. He appeared to be anaemic. There was little subcutaneous 
fat on palpation. He had a fresh delicate complexion and long, rather 
gracile, fingers. Glossitis was present. The clinical physical examination 
was otherwise normal. Blood count showed 5,400,000 erythrocytes and 8,000 
leucocytes per cm., and 65 per cent. haemoglobin (hypochromic anaemia). 
The blood calcium was 6-05 and the inorganic phosphorus was 4-2 per cent. 
The B.M.R. was +15 per cent. X-ray examination showed generalized 
subcalcification of the bones and the epiphyses of all the long bones, meta- 
carpals, metatarsals, and phalanges were still ununited; (Plate 17, Fig. 9) the 
sella turcica was normal in size and shape, and there was no evidence of persis- 
tent thymus. Fractional test-meal examination showed hypochlorhydria. His 
weight was 1163 Ib., and his height was 5 ft. 4 in. He had several attacks 
of diarrhoea during his 3 months in hospital, and the stools were usually 
rather voluminous and pale yellow, and were normal on microscopical 
examination. He was given 45 minims of radiostol, 45 gr. of ferrous car- 
bonate and 45 grains of calcium chloride per day by mouth, with resultant 
rapid improvement in the tetany and the anaemia. The former completely 
disappeared in 3 weeks and the blood calcium rose from 6-05 mg. per 100 c.c. 
to 8-25 within 6 weeks, 8-63 within 8 weeks, and 9-27 within 10 weeks. As 
the serum calcium rose the inorganic phosphorus declined and was down to 
2-3 when the calcium was 8-63 mg. per cent. Haemoglobin rose to 90 per 
cent. within 4 weeks. Although 4 months in hospital on treatment, there 
was no radiological evidence of improved calcification of the bones. He was 
discharged in March 1931, directed to take small doses of iron and 30 minims 
of radiostol per day at home, and to report back at intervals. 

He returned in Nov. 1931 having increased in height by 2 in. and in 
weight by 11 Ib. in about 8 months (aged 233 years). Some increase in bone 
calcification had taken place, but the epiphyses of the long bones were still 
ununited (Fig. 9). No attacks of tetany had occurred since previous dis- 
charge. The blood calcium was 8-1 and the inorganic phosphorus 6 mg. per 
100 c.c.; the haemoglobin 80 per cent. He was put on 60 gr. of calcium 
gluconate and 30 minims of radiostol per day by mouth. On this treatment 
the blood calcium rose to 9-2 and the phosphorus fell to 5-3 mg. per cent. in 
3 weeks. He was discharged on this treatment. 

He returned in Sept. 1934 by request for reinvestigation. He stated that 
since the previous discharge attacks of tetany were experienced during the 
late autumn and winter, but that they were much less severe and less fre- 
quent than before the previous sojourn in hospital; meantime he had taken 
the calcium and radiostol as prescribed during the autumn and winter only. 
The blood calcium was 8-25, inorganic phosphorus 5-12, urea 20, uric acid 1-8, 
creatinin 4-0, sugar 93, and cholesterol 142 mg. per cent. The glucose 
tolerance test (50 grm.) showed a ‘flat’ curve. Tetany was not present. 
He said he had occasional attacks of diarrhoea, more frequent in winter, and 
that the stools were pale yellow, voluminous, semi-solid, and foul smelling 
during the attacks. His height was 5 ft. 8 in. and his weight 136} lb.; he 
had increased in height by 4 in. since the first visit, that is between the ages 
of 22% and 263% years. The pubic and axillary hair were much more de- 
veloped, the testicles were normal in size, libido was present occasionally, 
and the hair on the face was stronger and thicker. Radiological examina- 
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tion of the bones showed very slight increase of calcification, but the epiphyses 
were united. 

The 24-hour stool (over 17 days) varied from 120 to 540 grm. (average 
245 grm.); it was pale yellow, soft, and foul smelling; on a full diet the 
stools gave 37-6 per cent. total lipoids with normal fat splitting and 3-6 grm. 
of nitrogen for 24 hours, but after 6 days on a low fat diet the total lipoid 
content dropped to 24-2 per cent. He was put on 60 . of calcium 
gluconate and 2-25 mg. of calciferol by mouth per day, and after a week his 
blood calcium rose to 9-45 mg. per cent. He was discharged on the same 
amount of calcium gluconate, 1-5 mg. of calciferol, and on a low fat diet. 

He returned for a few days in Feb. 1935, still on the same treatment ; the 
blood calcium was 9-62, inorganic phosphorus 3-8, and cholesterol 166 mg. 
per cent. Radiological examination of the bones showed no increase in cal- 
cification, but there had been no further attacks of tetany, and he was 
generally much improved in health. The diarrhoea had also disappeared, 
but the total lipoid content of the stools was 41-57 per cent., although he 
was supposed to be on a low fat diet since the previous discharge. 

Further tests gave a B.M.R. of +1 per cent., some excess of soaps in his 
stools on microscopic examination, and a haemoglobin content of 90 per 
cent. in the blood with a normal blood count. Radiological examination of 
the gastro-intestinal tract showed duodenal and jejunal delay with marked 
diminution of the typical markings of these bowel segments; barium enema 
revealed a ‘kink’ in the pelvic, and another in the descending, colon, and 
some dilation of the ascending and transverse colon. Slit-lamp examination 
of the lens showed a few small white opacities in the various layers of both 
lenses except the embryonic and foetal layers. 


Case summary. <A case of tetany, hypocalcaemia, steatorrhoea, hypo- 
chromic anaemia without achlorhydria and sub-decalcification of bones; 
there was great clinical improvement on treatment with calcium and vita- 
min D with a low fat diet. Increase of height of 4 in. occurred between the 
age of 223 and 26%, years, apparently due to the non-union and activity of 
the epiphyses until the latter age was reached. Stigmata of infantilism 
almost disappeared during the period of observation. Whether the vitamin 
treatment stimulated the growth in length of the long bones, owing to non- 
union of the epiphyses, it is impossible to say, but the patient held that 
growth restarted shortly after this treatment was begun. 


Case 5. Female (M.M.), unmarried, aged 29 years. (Referred by Dr. J. 
Roantree.) Admitted Oct. 10, 1933, complaining of pains in her limbs, 
bending of the bones of arms and legs, inability to walk, decrease in stature, 
and weakness. She had been troubled with occasional attacks of diarrhoea 
since childhood, and for about 3 months before admission she had 2 to 3 
attacks of diarrhoea per week. Four years previously she had a sub-total 
thyroidectomy done in another hospital, and we were informed from that 
hospital that the clinical and pathological finding was colloid goitre. About 
a year after this operation she experienced pain in the legs on walking, and 
her forearms and legs began to bend. For about the first 6 months of 1932 
she had cramps of the hands and feet on several occasions which, from her 
description, seemed to be due to tetany. Menstruation was irregular for 
about 2 years before admission. On examination she weighed 81 lb. and 
measured 4 ft. 65 in. She was unable to walk. The scar of the thyroidectomy 
was seen. There was moderate exophthalmos, her pulse-rate was from 80 to 
90 per minute, her skin was slightly moist, von Graefe’s sign was absent, and 
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there was a slight inconstant tremor of the hands; these signs were inter- 
preted as due to mild hyperthyroidism. Erythema ab igne was present on 
the shins, and there were a few patches of skin pigmentation on the body. 
The main features, however, were the small stature, the bony deformities, 
and dorsal kyphosis. There was marked bowing of both forearms. There 
was caries of several of the teeth. Blood examination: erythrocytes 4,528,000 
per cm., haemoglobin 75 per cent. Fractional test meal showed a normal 
curve of HCl. Blood calcium was 8-8, inorganic phosphorus 2-3, urea 22, 
creatinin 1-6, uric acid 2-7, and cholesterol 130 mg. per cent. The B.M.R. 
was +54 per cent., but 10 weeks later it was +40 per cent., and 10 weeks 
afterwards it was also +40 per cent. The blood-sugar was 66 and only rose 
to 101 mg. per 100 c.c. during the glucose tolerance test. Lens examination 
with the slit-lamp showed no abnormality. The stools were soft and un- 
formed, pale yellow, rather greasy looking, sour smelling, but not voluminous ; 
there were usually two spontaneous motions per day, and microscopical 
examination showed no neutral fat, but excess of fat combinations was 
present. Chemical examination of the 24-hour stool gave 36-6 to 51-4 per cent. 
of total lipoids at different examinations with normal fat splitting and no 
increase of stool nitrogen. The average weight of the daily stool was 43 oz. 

Roéntgenological examination of the skeleton revealed marked general 
subcalcification of all the bones, and 9 fractures were seen; 2 fractures in 
right radius and in right ulna with marked deformity and partial bony union 
(Plate 17, Fig. 10),1 in right tibia and | in right fibula with partial bony union 
in good position; 1 in left tibia and 2 in left fibula; there was marked 
deformity of the forearms, of the pelvis, and of the upper ends of femora, 
and the dorsal and lumbar vertebrae showed a biconcave type of articular 
surface. The left forearm was deformed (osteomalacia), but not fractured. 
Barium enema showed the descending colon to be redundant and angulated, 
and gastro-intestinal tract X-ray examination revealed elevation of caecum 
and terminal ileum, possibly due to adhesions or a Jackson’s membrane. 

Treatment. The patient was given 20 dem. of calcium gluconate and 
1-5 mg. of calciferol thrice daily by mouth and a low fat diet. Deep X-ray 
treatment was also given over what was judged to be the hypertrophied 
remnant of the thyroid gland. Under this régime the blood calcium 
gradually rose; within 2 months it was 9-4 and the inorganic phosphorus 
was 4-1 mg. per cent.; the blood calcium remained within normal limits 
during the remaining period of observation; the density of the bones in- 
creased (X-ray), but never quite reached normal, callus soon began to 
appear at the fracture sites, and all fractures were firmly united by bony 
union in 9 months (Plate 17, Fig. 11). The patient was then able to walk, 
and appeared and felt very much improved in health. The deformity of 
the forearms is shown in Plate 17, Fig. 12. 

As regards the hyperthyroidism, the slight elevation in the pulse-rate, the 
moist skin, the exophthalmos and the tremor of the hands (which, however, 
was not always present), all pointed to hyperthyroidism ; clinically, however, 
the degree of thyrotoxicosis seemed to be definitely less than was indicated by 
the height of the basal metabolic rate ; as this patient had decreased in height 
in the 2 years prior to admission, although she could not give an idea of what 
her normal height was, her B.M.R. was recalculated on a more normal height, 
and thus determined it approached a more normal figure. This experience 
in this case and in Case 3 gives rise to the possibility that in osteomalacia 
with decrease in stature the B.M.R. may give too high a reading owing to 
alteration in the normal relationship between height and body surface. 
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Clinically, we thought that this patient on admission had a mild degree of 
hyperthyroidism, but that the latter was not as severe as would be indicated 
by a B.M.R. of +54 or even +40 percent. The B.M.R. was determined 
10 times altogether over a period of 16 months on her actual height and 
weights, and the figures were consecutively as follows: 54, 40, 40, 52, 27, 46, 
36, 34, 13, and 1 per cent. above normal. The last figure was obtained 
when the patient was in quite good health (7.12.35). Thaysen states that 
an elevation of the B.M.R. is not an infrequent secondary manifestation in 
idiopathic steatorrhoea, but that the rate may return to normal during 
a remission. 

This case probably showed the most pronounced subcalcification of bone of 
the series of patients here reported. It is interesting to speculate whether 
hyperthyroidism, even though mild, superadded to the steatorrhoea, might 
not, to some degree, be responsible for subcalcification of such severity. 
This possibility has support from the observations of Aub (17), which proved 
that hyperthyroidism itself tends to induce a negative calcium balance, with 
the result that decalcification of bone may result. The two conditions, 
steatorrhoea and hyperthyroidism, if the latter did really exist in this case, 
acting together, might cause such a summation of forces in the direction of cal- 
cium loss that severe decalcification of bone and fractures might readily result. 

This patient decreased in height by 1 cm. during the first 11 months of 
observation, but gained 3-3 kg. in weight. The patient was kept under 
observation and treatment until Dec. 1935, and the result has been most 
satisfactory ; she can now live a fairly normal life, is quite comfortable and 
able to perform her home duties efficiently, and gets only occasional attacks 
of diarrhoea (see Plate 17, Fig. 12). 

Case summary. A case of subcalcification of bone with 9 fractures, de- 
crease in height, steatorrhoea and increased basal metabolic rate, was 
treated with calcium and vitamin D by mouth and deep X-ray therapy to 
the thyroid gland. Calcification of the bones improved, the fractures healed, 
and the B.M.R. fell to normal. The clinical result of treatment was very 
satisfactory. 


Case 6. Male (W.C.), married, aged 40 years (referred by Dr. W. A. 
Moore). Three healthy children. Father is said to have died of anaemia. 
Admitted April 18, 1934, complaining of weakness and ‘looseness’ of bowels. 
He was sallow in complexion and anaemic, the tongue was too red, too clean, 
raw, slightly furrowed, and its papillae were atrophic. He was very poorly 
nourished and subcutaneous fat was markedly deficient. The abdomen was 
distended and tympanitic, the pubic hair was rather scanty, the blood- 
pressure was 118/78, and there was a slight dermatitis of the left shin. The 
stools were voluminous, pultaceous, pale-yellow, sour smelling, and rather 
greasy in appearance ; he said that he had 3 to 4 motions per day as long as 
he could remember, and his mother told him that as a child he had 2 soft 
yellow motions per day since he was a baby ; in recent months he frequently 
had actual diarrhoea. Clinical physical examination revealed nothing other- 
wise abnormal except a few cariousteeth. The patient’s height was 5 ft. 6 in. 
and his weight was 121} lb. 

Laboratory tests : Erythrocytes 1,690,000, leucocytes 3,000, per c.cm. ; differ- 
ential leucocyte count normal; haemoglobin 42 per cent., colour index 1-27 ; 
blood smear showed marked megalocytosis and poikilocytosis, slight polychro- 
masia and an occasional normoblast. The average size of the erythrocytes 
(Price-Jones count) was 8°73 yw. Fractional test meal showed a normal 
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curve of HCl. The B.M.R. was + 24 percent. The blood chemical examination 
gave the following results in mg. per 100 c.c.: calcium 6-78, inorganic phos- 
phorus 3-9, cholesterol 143, sugar 91, urea 24, uric acid 2, creatinin 1-9, and 
non-protein nitrogen 29-4. The blood serum gave a delayed direct van den 
Bergh reaction and contained 1-27 mg. of bilirubin per 100 c.c. The glucose 
tolerance test showed a ‘ flat’ curve. 

The stools collected over several days while the patient was on an ordinary 
mixed diet weighed from 2 to 3 lb. per 24 hours and on microscopical 
examination showed some undigested vegetable matter, a number of un- 
digested muscle fibres, and some excess of fat combinations and soap. 

Rontgenological examination showed no evidence of bone subcalcification, 
moderate dilatation of, and stasis in, the second and third stages of the duo- 
denum, a somewhat dilated ascending colon, and a redundant pelvic colon ; 
there was no visceroptosis. On slit-lamp examination both lenses, showed 
numerous fine, white, flaky opacities in all layers of the lens, but the eyes 
were otherwise normal and sight was excellent. 

During the first week in hospital the stools gave on chemical examination 
34-2 per cent. total lipoids with normal fat splitting and 1-32 grm. of nitrogen 
for the 24 hours on a normal mixed diet. At other examinations the total 
faecal lipoids varied from 26-86 to 34-6 per cent. 


Treatment. Daily intramuscular injections of campalon —- 4 c.c. for 15 days 
followed by 1 c.c. for 14 days; these injections were then replaced by 10 grm. 
of ventriculin and half a teaspoonful of marmite daily by mouth, and 60 pea 
of calcium gluconate and 3 mg. of calciferol daily by mouth wereadded. The 
patient was also put on a low fat diet (C 330, P 129, and F 66). After 7 weeks of 
treatment the blood calcium had risen to 9-47 mg. per 100 c.c., the erythro- 
cytes to 4,060,000, and the leucocytes to 7,250 per cm., the haemoglobin to 
95 per cent., and the colour index had fallen to 1-17; the appearance of the 
blood smear was now practically normal. He was discharged two months 
after admission in excellent condition, having gained 18 pounds in weight 
and with the 24-hour stools about half the weight obtained during the first 
week in hospital ; he was directed to continue treatment and report back. 

He returned in three weeks, feeling and looking excellently ; there was no 
anaemia, no abdominal distension ; he had gained a further 6 lb. in weight 
and the tongue was normal with its papillae fully restored. He was put 
on extralen (Lilly) instead of ventriculin and told to continue the discharge 
treatment. He reported again on March 5, 1935, and was in excellent 
health ; the stools were now light brown and reduced to one formed motion 
per day; there was no change in the appearance of the lenses; he was 
put on hepatex instead of extralen. He stopped all treatment except the 
low fat diet and marmite in December, 1935, and reported in March, 1936, 
that he was quite well. 


Case summary. A case showing severe hyperchromic megalocytic anaemia, 
hypocalcaemia, lens changes and steatorrhoea was restored to good health ; 
treatment mainly consisted of calciferol, calcium, liver extract, and marmite, 
with restriction of fat in the diet. 


Case 7. Male (M.B.), aged 19 years. Admitted November 1, 1934, com- 
plaining of frequent attacks of diarrhoea with pale stools from childhood, 
and that he was not sufficiently ‘developed’ for his age. He stated that 
‘food passed through’ him too quickly and did him no good. His height 
was 5 ft. 94 in. and his weight 1121b. He appeared to be anaemic with a 
sallow complexion ; there was a brownish pigmentation of the face over the 
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malar bones; there was no beard or moustache and he never shaved; the 
fingers were gracile, the testicles were small, libido was absent, there were 
only a few fine axillary hairs and the pubic hair was normal but of feminine 
distribution. The voice was high-pitched. The tongue was smooth, with 
atrophic papillae, and suggested achlorhydria. He was poorly nourished 
although the home conditions were quite good. For the first 10 days of 
observation he usually had two motions per day; the stools were pale 
yellow, soft, and rather foul smelling, and averaged about 10 oz. per day: 
during this period he had one day of actual diarrhoea with pale, rather 
watery stools. Slit-lamp examination revealed small white flaky opacities 
in both anterior and posterior cortex and in the anterior and posterior adult 
nuclei of both lenses. The clinical physical examination was otherwise normal. 

Laboratory tests. The blood examination gave 4,690,000 erythrocytes 
per c.m. with marked microcytosis and poikilocytosis, 55 per cent. haemo- 
globin, and a colour index of 0-59 percent. ; there were 6,400 leucocytes per 
cm. and the differential count was normal. Fractional test meal (gruel) 
showed achlorhydria, but 12 points of free HCl appeared as a result of 
injecting subcutaneously 0-5 mg. of histamin. The blood chemical examina- 
tion gave the following results in mg. per 100 c.c.: sugar 82, calcium 10, 
inorganic phosphorus 4-1, urea 33, creatinin 2-3, uric acid 2, non-protein 
nitrogen 29, and cholesterol 110. Chemical examination of the 24-hour 
stools on a diet of C 264, P 107, F 109, gave total lipoids of 28-42 per cent., 
normal fat splitting and nitrogen 1-89 grm. for 24 hours. Réontgenological 
examination showed moderate subcalcification of all the limb bones and 
non-union of the epiphyses of the long bones and phalanges; there was, 
however, only slight subcalcification of the spine and pelvis. X-ray examina- 
tion of the gastro-intestinal tract revealed marked pylorospasm, slight dila- 
tation of the proximal colon, and slight redundancy of the pelvic colon. 
The B.M.R. was — 4 per cent. and the glucose tolerance test was normal. 

Treatment. Blaud’s pill grains), calcium gluconate (60 grains), and 
calciferol (2-25 mg.) daily, by mouth; 40 minims of dilute hydrochloric acid 
thrice daily after meals, and a diet moderately low in fat (C 298, P 107, 
F 83). After 6 weeks the haemoglobin was 100 per cent. and the erythro- 
cytes 5,150,000 per cm.; the blood calcium was 10, inorganic phosphorus 
4-1, and cholesterol 158 mg. per 100 c.c.; there was no increased calcifica- 
tion of bone and the long bone epiphyses were still ununited. The stools 
were more normal in colour and less bulky. Five and a half months later 
he reported back to the hospital from home; his weight was 117 lb. 
(gain of 5 Ib.), his height was 5 ft. 11 in. (gain of 12 in. between 19 and 
20 years of age); his stools were still semi-solid but normal in colour and 
amount; he looked and felt much improved; he stated that he had had attacks 
of diarrhoea only twice in the last 4 months and that they were much less 
severe than previously. The bones showed no change on roéntgenological 
examination and the epiphyses were still ununited. He was ordered to stop 
the calciferol because of the increase in height, but otherwise to continue the 
treatment unchanged. In December, 1935, he was 129} Ib. in weight, but 
there was no further increase in height. He stated that he felt quite well, 
shaved three times a week, and libido was present ; the axillary hair was still 
sparse. He stayed only a few hours in hospital and no radiological exami- 
nation of the bones was possible. 

Case summary. A case of hypochromic anaemia, achlorhydria (HCl was 
formed after histamin), subcalcification of bones, ununited epiphyses of the 
long bones, mild infantilism, and steatorrhoea, was treated with iron, HCl, 
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calciferol, calcium gluconate, and fat restriction in the diet; there was 
a gain of 5 lb. in weight and 13 in. in height over a period of 53 months and 
cure of the anaemia; there was no evidence of improvement, however, in 
the subcalcification of the bones. 


Case 8. Male (S.K.), aged 23 years. Admitted January 20, 1935, 
complaining of fullness and a feeling of distension and pain referred to the 
upper abdomen soon after meals, accompanied by headache, for about 2 
weeks. He suffered from a severe form of abdominal trouble at the age of 
4 but he could give no details. He said that he was sometimes constipated, 
but about once a month he had diarrhoea for a few days with 3 or 4 liquid 
motions per day which he described as resembling soap suds. The moderate 
prominence of the frontal bones and the triangular shape of the face sug- 
gested the possibility of rickets in childhood, but there were no other stig- 
mata to support this view. The tongue was too red, too clean, slightly 
furrowed, devoid of papillae and suggested achlorhydria. The abdomen was 
considerably distended and tympanitic. There were several carious teeth. 
The patient was poorly nourished, had very little subcutaneous fat, weighed 
only 973 lb. but measured 5 ft. 74 in. in height. His home conditions were 
good. ‘The pubic hair was well developed, the axillary hair was scanty, the 
testicles were rather small, the penis was quite small, and he shaved once a 
week as the beard was weak and sparse; he appeared to be younger by 
several years than his actual age. The fingers were gracile and slender. 
Libido was absent. While under observation he usually had 2 motions per day, 
and the 24-hour stool averaged about 200 grm. ; it was rather under-coloured 
and soft, and on chemical examination gave 33-2 per cent. total lipoids with 
normal fat splitting and 3-7 grm. nitrogen for 24 hours after the patient had 
been on a diet containing about 90 grm. of fat for 5 days. Test meal showed 
achlorhydria, but 10 points of free HCl were titrated after the subcutaneous 
injection of 0-5 mg. of histamin. The blood analysis was as follows in mg. 
per 100 c.c.: calcium 9-25, inorganic phosphorus 2-9, cholesterol 107, urea 
26, uric acid 4-8, creatinin 1-6 and sugar 89. The glucose tolerance test 
showed a rather depressed curve. The B.M.R. was +6 per cent. The 
erythrocytes were 3,900,000 per cm. and haemoglobin 50 per cent., but the 
blood count was otherwise normal. There were no lens changes, but blepha- 
ritis was present. Radiological examination showed a moderate subcalcifi- 
cation of all the limb bones and skull; the epiphyses were united. Gastro- 
intestinal tract X-ray examination showed moderate visceroptosis, some 
gastric hypotonus, redundant duodenum with marked looping and stasis in 
its second and third stages not completely relieved by pressure on th> lower 
abdomen; the caecum was displaced upwards and the distal colun was 
markedly redundant and somewhat dilated. Physical examination showed 
no other abnormalities. This patient did well on iron, hydrochloric acid, 
and moderate fat restriction. The anaemia yielded readily to treatment 
with iron. 

This patient returned in November, 1935, to say that he was much 
improved. He had gained almost 11 lb. in weight without any increase in 
height. The axillary hair was still sparse, but less so than on admission, the 
testicles were larger, but the penis was small and libido was absent. The 
beard was slightly stronger, but he only needed to shave every third day. 
He had no diarrhoea since discharge and the abdomen was less distended 
and tympanitic. The glossitis was less evident but still present and there 
were no lens changes. 
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Case 9. Female (J.B.), aged 20 years. Admitted January 25, 1935, 
complaining of diarrhoea. She said that she had been subject to diarrhoea 
all her life and that her stools were pale, often watery, had an offensive 
odour, and there were often as many as 4 a day. She was 4 ft. 10 in. in 
height and 823 Ib. in weight. She was poorly nourished although on a good 
diet at home. The axillary and pubic hair was sparse, the breasts were 
small, and menstruation was regular but scanty. Blepharitis was present. 
The blood count was almost normal (80 per cent. haemoglobin). There was 
achlorhydria even after histamin injection. Rdntgenological examination 
showed that there was moderate subcalcification of all the bones, but the 
epiphyses were united; the duodenal loop was displaced downwards, with 
some stasis in it; the distal colon was redundant and displaced towards the 
right iliac fossa and there was some dilatation of the pelvic colon. The B.M.R. 
was +32 per cent. with no clinical evidence of hyperthyroidism. The blood 
calcium was 11-25, inorganic phosphorus 3, cholesterol 130, urea 24, and 
sugar 78 mg. per cent. The glucose tolerance test gave a rather depressed 
curve. The stool averaged about 200 grm. per 24 hours (67 to 557 grm.) 
and showed microscopically neutral fat, but no muscle fibres or vegetable 
debris ; on chemical examination, there was 31 per cent. total lipoids with 
good fat splitting, and there was no increase of faecal nitrogen for 24 hours. 
Her treatment consisted of hydrochloric acid, calciferol (0-3 mg. per day) 
and iron with a low fat diet. She stayed only for a few days in the hospital, 
and during that period there was no diarrhoea. She returned to report very 
favourable progress in November, 1935, and stated that the diarrhoea was 
much less; abdominal distension was absent, the axillary hair was still 
scanty, the breasts were normal, and the pubic hair more developed. Men- 
struation was regular but scanty; she weighed 843 lb. (gain of 23 lb.) and 
her height was unchanged. 


Case 10. Female (S.C.), unmarried aged 63 years. Admitted July 17, 
1935. Previous history not significant. She stated that she was perfectly 
well up to about 8 months previously when she began to feel rather poorly. 
About 5 months before admission she complained of considerable pain in the 
lower dorsal region of the spine, experienced great difficulty and pain on 
walking, got tired easily and found difficulty in turning in bed ; these com- 
plaints gradually grew worse and were present on admission. Her companions 
noticed that she gradually declined about 2 in. in stature during the four 
months prior to admission. 

On examination she was poorly nourished with little subcutaneous fat, 
weighed 88 lb. without clothes, and measured 4 ft. 11 in.in height. Viscero- 
ptosis and marked angular dorsal kyphosis were present. The face was 
darkly pigmented and suggested Addison’s disease, there was a diffuse 
mottled light-brown pigmentation of the body and limbs, but there was no 
definite asthenia or vomiting, the blood pressure was 168/90, and the mucous 
membranes were not pigmented. There was a slight icteric tinge visible on 
the sclerotic conjunctiva, and barely perceptible on the skin of the trunk 
and limbs. The liver edge was felt under the ribs in the right hypochon- 
drium on deep inspiration ; it was firm like that of a cirrhotic liver, but the 
liver did not appear to be enlarged ; indeed, the liver dullness seemed to be 
diminished. The abdominal muscles were hypotonic. The patient could 
only walk with difficulty and pain. The general physical examination 
revealed no other abnormalities. 

Radiological examination showed a moderate general subcalcification of 
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the bones (Plate 17, Fig. 13), very marked subcalcification of the lumbar and 
dorsal vertebrae and also of the pelvis, and marked compression of the body 
of the tenth dorsal vertebra (Plate 17, Fig. 14); the lumbar vertebrae were 
also narrowed and their upper and lower surfaces were markedly biconcave. 
Visceroptosis was confirmed, with duodenal stasis relieved by pressure over 
the lower abdomen ; a certain degree of calcification of the abdominal aorta 
was also seen ; the gall-bladder did not visualize with the Graham test (oral 
administration of sodium tetra-iodo-phenolphthalein). 

Laboratory tests. Erythrocytes 4,170,000 and leucocytes 8,700 per cm., 
haemoglobin 83 per cent., differential count normal. The B.M.R. was 
+15 per cent. The blood calcium was 9-5, inorganic phosphorus 3-28, 
urea 30, and sugar 58 mg. per 100 c¢.c. The glucose tolerance test showed 
a normal but low curve. The urine (not a catheter specimen) was normal 
except for a trace of albumen, and contained no bilirubin. Fractional test 
meal showed hypochlorhydria. There was at first an immediate direct 
serum van den Bergh reaction, and the blood serum gave 7-12 mg. of bili- 
rubin per 100 c.c.; during ten weeks of observation, however, the serum 
bilirubin gradually dropped to 1-48 mg. per 100 c.c. About the same time 
when the serum bilirubin was at the last mentioned level the stool gave, on 
chemical analysis, 59-68 per cent. total lipoids with excellent fat splitting 
and 0-91 grm. nitrogen for 24 hours. 

During this period of observation there were usually 2 stools per 24 hours ; 
they were rather voluminous, light brown to pale yellow, pasty, and foul; 
no undigested starch or muscle fibres were seen in them, but microscopically 
they contained some excess of soaps and fat combinations; the occult blood 
test was negative. The stools did not give the impression of a complete 
biliary obstruction. ‘ 

For ten weeks the patient was on a low fat diet (about 45 grm. of fat) 
with calciferol (1-5 mg. per day) and hydrochloric acid by mouth; at the 
end of this period she stated that she felt considerably improved, but there 
was no change in the character of the stools, the bone subcalcification, or the 
icteric tinge of the conjunctiva. As we were in some doubt about the dia- 
gnosis because of the slight jaundice, we decided on a laparotomy. This was 
done in November, 1935, by Mr. Henry MacAuley. On opening the abdomen 
the liver was found to be somewhat enlarged and ptosed ; it was so rotated 
that the inferior surface faced almost directly backwards, and the gall-bladder 
was carried backwards almost on to the right side of the spinal column ; 
this displacement was due to the marked angular dorsal kyphosis ; the gall- 
bladder and larger bile ducts were normal on palpation and contained no 
stones, and the pancreas was normal. The liver was more firm than normal, 
and its surface finely granular; a small piece of liver was removed for 
pathological examination. The pathological report is as follows: 

‘The surface of the specimen of liver is rather roughly lobulated with 
a slightly wrinkled appearance, and is red in colour with a pale-green tinge. 
The cut surface shows a mosaic of liver lobules which tend to project 
as if groups of liver lobules were under pressure. The compounds of the 
mosaic are about the size of the head of an ordinary pin; they show as 
projections through the external surface and give it the roughly lobulated 
or nodular appearance. Microscopically, the liver capsule is thickened and 
a narrow zone of congestion lies underneath it. Groups of liver lobules are 
separated from each other by bands of loose fibrous tissue which are in- 
filtrated with lymphocytes. The fibrosis is more marked near, and originates 
from, the peri-portal areas, and there is proliferation of the smaller bile 
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ducts in these areas. Many liver cells, especially those in the neighbourhood 
of the portal areas, are caught and destroyed by the advancing fibrosis. In 
one sector there is a group of fairly large bile ducts which are dilated. 
There is no haemosiderosis. 

‘The lesion is one of obstructive biliary cirrhosis, possibly resulting from 
some obstruction of the larger bile ducts, the brunt of the obstruction falling 
on the smaller bile capillaries.’ 

Apparently the angular dorsal kyphosis resulting from the osteomalacia 
caused some degree of biliary cirrhosis by kinking of the bile ducts due to 
rotation of the liver on its transverse axis so that its inferior surface faced 
backwards. 

The gall-bladder was drained for ten days, and the patient made an un- 
interrupted recovery from the operation. She refused to wear a spinal or 
abdominal support, and returned home on a low fat diet (about 45 grm.), 
calciferol (2-25 mg. per day), hydrochloric acid, calcium gluconate and desic- 
cated bile by mouth. After four months she reported great improvement 
in general health and ability to walk without undue fatigue. 

She returned to hospital on April 28, 1936, having kept faithfully to the 
treatment while at home. She reported that she felt much stronger, could 
now walk two or three miles at a moderate pace without fatigue, and that 
her pain and weakness had disappeared completely. Jaundice was absent, 
but the pigmentation of the skin remained. She had gained 7} lb. in 
weight and her height was unchanged. The blood serum contained 1-43 mg. 
of bilirubin per 100 c.c. The blood cholesterol was 607, the calcium 9-5, 
and inorganic phosphorus 3-2 mg. per 100 c.c. Radiological examination 
of the bones showed no increase of calcification. Microscopic examination 
of the stools revealed nothing abnormal except some increase in soaps and 
other fat combinations. Chemical examination of the stools revealed 51-3 
per cent. total lipoids (6-8 grm. for 24 hours), 20-3 per cent. free fatty acid, 
8.5 per cent. neutral fat, 22-5 per cent. ‘soap’ fat, and 0-4 mg. of nitrogen 
per 24 hours. The stools were normal in quantity, light brown in colour, 
and formed. The clinical result was considered to be satisfactory and the 
patient was discharged on a low fat diet, calciferol, and calcium gluconate. 
She reported ten weeks later that the improvement was well maintained. 


Case summary. A case of the Gee-Thaysen disease in an elderly woman, 
marked bone subcalcification with decrease in stature, and dorsal kyphosis of 
such a degree that the liver was rotated on its transverse axis so that the 
inferior surface faced almost directly backwards; as a consequence of the 
liver rotation the bile ducts apparently became kinked so that a certain 
degree of biliary cirrhosis resulted. The clinical result of treatment was 
satisfactory. 


Discussion 


The following points seem to merit attention in relation to the ten cases 
reported in this communication: The pathological bone fractures which 
occur in the Gee-Thaysen disease are capable of reunion under the influence 
of treatment directed towards the promotion of calcium absorption from the 
intestine ; such reunion occurred in the three cases with pathological frac- 
tures in this series. The reunion of these fractures was rapid in Case 1 
while she was on treatment with hydrochloric acid by mouth and full diet. 
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There was no attempt at union during the first 7 months of treatment (HCI, 
iron, calcium, and radiostoleum) in Case 3; during that period she was not 
on a low fat diet ; 4 years later, however, when she returned to hospital, the 
fractures were found to be healed, and in the interval she was on a full diet 
at home with radiostoleum, HCl, iron, and calcium by mouth. In Case 4 the 
patient was on a low fat diet, calciferol and calcium by mouth, and firm 
union of the fractures was obtained in 9 months. 

The four surgical fractures in Case 3 were extremely slow in uniting, even 
though the patient was under what, in the present state of our knowledge 
of the treatment, might be called excellent conditions and taking large 
doses of calciferol, HCl, maintenance doses of iron, and on a low fat diet. 
Indeed, after 17 months, bony union, although present, was not normal in 
the surgical fractures of the left femur, but it was quite sufficient for loco- 
motion. 

Nine of our cases had some degree of general bone subcalcification (probably 
decalcification of previously fairly well calcified bone in most of them); the 
subcalcification was extreme in four cases, moderate in five cases, and absent 
in one, but there was hypocalcaemia in the latter. In our experience it was 
extremely difficult in most cases to obtain radiological evidence of increased 
general bone calcification ; in some cases of extreme decalcification it appeared 
to be impossible to demonstrate increase of calcification in this manner, 
although in Cases 3, 5, and 10, where the decalcification was severe, it was 
easy to form the clinical opinion that the bones were stronger after a period 
under treatment because of the disappearance of pain and the definite 
improvement in locomotion. 

Three cases (Nos. 3, 4, and 7) showed delayed union of the epiphyses. 
Two of these cases (Nos. 4 and 7) showed an abnormal increase of height 
while under treatment: Case 4 grew 4 in. between the ages of 22? and 263 
years, and Case 7 grew 1? in. in 53 months in his twentieth year ; both these 
patients attributed the increased growth to the treatment and stated that 
growth restarted after treatment had begun; it is interesting to note in 
Case 4 that the treatment during the period in which the renewed growth 
occurred consisted of vitamin D and calcium by mouth without any lowering 
of the fat content of the diet. The clinical impression was that the increased 
ingestion of vitamin D was responsible for the rapid growth. 

Decrease in height with bony deformities occurred in four cases (Nos. 1, 
3, 5, and 10); obviously, osteomalacia was responsible. Case 10 is of special 
interest, for osteomalacia of the spine with resulting kyphosis was so great 
that rotation of the liver, on its transverse axis, apparently caused kinking 
of the common bile duct and biliary cirrhosis. 

The blood cholesterol was determined in nine cases; it might be con- 
sidered to be definitely below normal in four cases, about the low limit of 
the normal range in four cases, and high in one case (No. 10); it is significant 
that the only case which had a high blood cholesterol (607 mg. per 100 c.c.) 
was the one in which there was secondary biliary cirrhosis. 
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In four cases the basal metabolic rate was well above the normal limits ; 
this factor is discussed in the earlier paragraphs or under the case histories. 
Case 5 deserves special consideration in this respect. 


Treatment 


The symptomatology of the Gee-Thaysen disease is so varied that one 
must, to a considerable extent, individualize in the treatment of different 
cases. From a consideration of the published cases, and from our own 
experience, certain therapeutic principles seem to emerge : 

1. The control of diarrhoea, if severe, may be temporarily achieved by 
the usual procedures, but opium or its derivatives should be only used as a 
temporary measure, and with caution ; chalk may be also of temporary use. 
As the diarrhoea seems to be largely due to the presence of, and irritation 
by, an increased amount of unabsorbed fat (and also perhaps fatty acids and 
their calcium soaps) in the large bowel, reduction of the fat in the diet 
seems to be the logical method of control of diarrhoea. In only one of our 
cases was diarrhoea a serious inconvenience, in another the frequent volu- 
minous motions were troublesome, but in the remainder actual diarrhoea 
was not severe or was intermittent; our experience, therefore, in the treat- 
ment of severe diarrhoea in this connexion is not extensive. Reduction of 
the fat intake to about 50 to 60 grm. per day would seem to be sufficient in 
cases where diarrhoea is not considerable ; in cases of severe diarrhoea the 
reduction of fat in the diet might have to be more drastic. 

Protein reduction does not seem to be indicated ; indeed, the reverse is 
probably desirable. For an adult of average size 110 to 130 grm. of protein 
per day, or even more, would seem advisable if there is no contra-indication. 

Carbohydrate intake is largely regulated by the degree of abdominal dis- 
tension from intestinal carbohydrate fermentation. If the tympanites is 
considerable, carbohydrate in the diet should be reduced, and if not it might 
be allowed in normal amounts. Takadiastase by mouth may help con- 
siderably in decreasing carbohydrate intestinal fermentation, and may 
accordingly allow an increased carbohydrate intake. Ripe bananas may be 
of use (as in the Gee-Herter disease in children) because their carbohydrates 
appear to ferment in the intestine less rapidly than those from other 
sources. 

2. The lowering of the fat intake may help the intestinal absorption of 
calcium, partly by the resulting diminution of the amount of calcium soaps 
formed in the intestine, and partly perhaps by diminishing the rate of flow 
of the intestinal content because of reduction of irritation. 

3. Achlorhydria or hypochlorhydria should be treated with adequate 
doses of hydrochloric acid by mouth after meals; in cases of achlorhydria, 
the administration of hydrochloric acid by mouth may also help in the pro- 
motion of calcium absorption from the upper reaches of the small intestine 
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by reducing the pH of the duodenal contents. In hypochromic anaemia 
with achlorhydria, the administration of hydrochloric acid by mouth would be 
indicated for facilitating the absorption of iron from the upper small intestine. 

4. To obtain increased calcium absorption, vitamin D and calcium should 
be given by mouth. We have used with satisfaction calcium gluconate by 
mouth in doses of 20 gr. thrice daily in inter-digestive periods, and calci- 
ferol by mouth as detailed under the case histories. Obviously, it is 
advisable to avoid oily preparations of vitamin D owing to the defective 
lipoid absorption. Calcium and vitamin D given by mouth may also help 
in increasing the calcium content of the bones. Calcium gluconate can be 
given intramuscularly or intravenously if necessary for the control of tetany. 
Ultra-violet irradiation of the skin is also of value. 

5. Parathormone is in general contra-indicated, for its action is to increase 
the blood calcium by drawing calcium from the already partially decalcified 
bones. It might, however, be used subcutaneously, as an addition to other 
methods, in the emergency of severe tetany for a few days in order to con- 
trol the spasms, but its use is rarely necessary or advisable, and it should 
be discontinued as soon as the carpo-pedal spasms are reasonably alleviated. 

6. For hypochromic anaemia 45 gr. per day of a fresh or reliable prepara- 
tion of Blaud’s pill by mouth should be successful within 3 to 5 weeks (16). 
For hyperchromic anaemia the intramuscular injection of a reliable liver 
extract preparation (as used in pernicious anaemia) is advisable, and should 
give satisfactory results; possibly liver extract by mouth might be suc- 
cessful, but intramuscular injection would seem preferable. In the hyper- 
chromic form of anaemia marmite might also be useful. Maintenance doses 
of iron or liver extract, when the blood count reaches normal, would have to 
be considered in relation to the continued progress of the case. 

7. Bony deformities may need surgical treatment. Fractures heal under 
treatment very slowly, and it may be doubted whether a full degree of bone 
calcification will ever be attained in many cases. 

8. Rest, massage, and electrical stimulation of muscles should be given 
when indicated. 

When these principles of treatment were applied to our patients, as 
related in the case histories, the results were very gratifying, and all except 
one (Case 2) were restored to quite a reasonable degree of health. Indeed, 
8 out of 10 patients are now leading practically normal lives. 


Summary and Conclusions 


Ten cases of ‘ idiopathic steatorrhoea ’ are described ; the youngest patient 
was 19 and the oldest 63 years of age; the results of treatment were con- 
sidered to be satisfactory in nine cases. Hypochromic anaemia in five cases 
and hyperchromic anaemia in two yielded readily to treatment. Two cases 
had tetany and there was a history suggestive of tetany in another case. 
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Four patients had lens changes. Multiple pathological fractures of bone 
were present in three cases; in one there were 5 fractures, in one 7, and in 
another 9; these multiple fractures united under treatment in all three 
patients, but union was slow in two cases; in one patient with achlorhydria 
and hypocalcaemia the level of blood calcium increased following the adminis- 
tration of hydrochloric acid by mouth, it was maintained at normal levels 
during the period of administration of the acid, callus was seen after 34 days 
of this treatment with rest in bed, and the five fractures were firmly united 
in 76 days; further investigation seemed to show that the rise of the blood 
calcium in this case was in some way related to the ingestion of the acid. 
Union of four surgical fractures (for the correction of deformities) in one 
case was very slow and, so far, is not perfect, but the result does permit 
of locomotion which was previously impossible. All the patients save one 
showed generalized subcalcification of bone, and the remaining case had 
hypocalcaemia. There was hypocalcaemia in six cases, but in all of them 
the blood calcium rose to normal levels during treatment. Three patients 
who were hopelessly crippled were enabled to walk, and one who could only 
walk with difficulty and pain was markedly relieved. One patient with 
ununited epiphyses grew 2 in. between the ages of 22} and 23} years, and 
4 in. between the ages of 22? and 26,, years while on treatment; another, 
also with ununited epiphyses grew 1? in. during 53 months of treatment in 
his twentieth year. Decrease in height from osteomalacia was noted in 
four cases. One patient developed such a degree of dorsal kyphosis from 
osteomalacia of the spinal column that displacement of the liver apparently 
caused kinking of the larger bile ducts, and biliary cirrhosis resulted. 

It is suggested that the malady now called non-tropical sprue or idio- 
pathic steatorrhoea should be known as the Gee-Thaysen disease, in order 
to give honour to the memory of Gee, its original discoverer, and to 
that of Thaysen who did so much to show its identity with Gee’s coeliac 
disease. If, as Thaysen believed (and the reasons upon which his opinion was 
based are weighty ones), idiopathic steatorrhoea of adults and adolescents 
of non-tropical countries, coeliac disease of children, and non-tropical sprue 
are all one and the same disease, possibly the aetiological factors may not 
be quite similar in all three. Following this line of reasoning, it is advocated 
that coeliac disease of children should be called the Gee-Herter disease, that 
the name sprue should be retained for the tropical disease which it now 
designates, and that idiopathic steatorrhoea of adults and adolescents of 
non-tropical countries should be known as the Gee-Thaysen disease. 


The expenses of this work were borne by the Sisters in charge of the 


Hospital. 
The first-named contributor desires to record appreciation of the work 
done by the ward sisters, his house physicians and resident students in the 


keeping of accurate records. 
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TABLE I 


Glucose Tolerance Tests. Nine Cases 


Venous Blood taken Fasting and after Ingestion of 50 to 75 grm. of Glucose 


Case. Fasting. }hour. lhour. 2hours. 3 hours. Type of curve. 
1 89 90 110 89 94 Depressed 
3 85 107 88 92 100 Depressed 
4 92 87 74 74 72 Depressed 
5 66 101 93 90 81 Low fasting and half-hour 
readings 

6 85 85 91 87 84 Depressed 
7 89 157 100 89 82 Normal 
8 89 113 125 101 98 Depressed. 
9 78 101 77 87 85 Depressed 

10 71 127 97 73 68 Depressed 


Normal = 1 Abnormal = 8 
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™ Case. 
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241 
366 
540 
137 


= 489 
301 
482 
312 


5 223 
109 
78 


6 319 
105 
450 
346 
262 


7 96 
101 
232 


8 200 
209 


216 
9 +196 


+288 


10 75 
80 
131 


Normal* Minimum 
Maximum 
Average 


Dry matter, per cent. 


24-9 
30-3 


17-4 
15-7 
14-5 
145 
19-2 


13-5 
20-2 
26-9 
24-6 


25-3 
21°5 
15-2 


20-6 
18-7 
19-1 
20-4 
20-9 


23-4 
30-5 
22-5 
24-9 
25:5 
25:8 
17:3 


16-8 


26-8 
22-4 
26-9 
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TaBLeE II 
Examples of Chemical Analysis of 24-hour Faeces After 3 to 7 Days on Diet 


Per cent. of dry matter. 
(Second place of 





decimals disregarded ) 
= “a S : 
S & wp» §& 
& ba a US 
- . 4% 
2623 3 
i?) 
ae 42. ® 
33-8 8-9 11-7 13-2 
41-1 3-4 86 29-1 
32:1 87 10-4 130 
212 54 132 26 
22-1 10-2 11-9 nil 
168 35 64 69 
60-0 120 20-1 27-9 
37-6 7:4 15:0 15-2 
365 69 143 15-3 
416 5:5 156 205 
24-2 10-3 12-4 1-5 
51-4 5-5 11-6 34:3 
500 66 284 15:0 
23-4 70 96 68 
34:2 87 15-7 98 
a «< - o 
268 7:7 19:0 Ol 
31-2 10:7 169 3-6 
34-2 73 14:4 12-5 
275 59 63 15:3 
28-4 25 45 21-4 
340 65 11-4 161 
33-2 80 91 16-1 
20-8 59 12:7 2-2 
22:0 11:3 72 3-5 
31:0 70 19:4 46 
212 38 83 91 
55:0 7-2 21-8 26-0 
59-7 3:9 249 30:9 
52-6 8-0 152 29-4 
73 #25 10 £05 
28:0 12:0 10-0 11-0 
175 73 55 46 


Grm. in faeces 
per 24 hours. 
CRIES 


Total lipoids. 


— 
= @ 
om 
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10-32 


11-79 
13-2 
158 


24°84 
22-12 
53-98 
18-63 


29-04 
11-78 
2-77 


22-49 


23-08 
22-06 
18-79 

6-18 

8-75 
17°81 
16-56 
11-07 


12-2 
10-52 


3-4 


11-06 
10-7 
18-61 


Neutral fat. 
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om 
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9 te or bo to 
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4-89 
4-24 
7-13 
7-93 
3-12 
1-55 
0-83 
5:71 
6-61 
7:55 
4:01 
1-31 
0-78 
3-41 
4-02 
3°15 
6-3 

2-37 


0-6 


0-7 
2-83 
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132 Nitrogen. 


~ = 
Go 
bo 


2-89 


mo 
alk 


1-49 
1-89 
3°71 
3°76 
3-13 
3°6 

1-78 


0-91 
0-74 
1-33 


Approximate fat in diet, 
grm. 


Moderation in fat at 
home 


110 
34 
110 
34 
Full diet for month at 
home 


Full home diet 
116 

100 

40 


76 
57 
23 


Full home diet 
66 
66 
66 
66 


81 
109 
Low fat at home 


90 
2 months on low fat at 
home 
Low fat at home 


82 for three days after 
admission following full 
diet at home 

82 for several months at 
home 


About 90 


Total lipoids = neutral fat, free fatty acid and ‘soap’ fat. 


* Peters and van Slyke: Quantitative Clinical Chemistry: vol. i; Interpretations. 
{ Stools obtained in periods of remission. 
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Chief presenting symptoms 
and complaints. 


Fivefractures. Weakness. Pain. 
Occasional diarrhoea 


Anaemia. Later tetany and 
diarrhoea 


Anaemia. Weakness. Seven 
fractures. Occasional diar- 
rhoea. Delayed epiphyseal 
union 


Periodic diarrhoea. Ununited 
epiphyses. Tetany 


Nine fractures. Bending of limb 
bones, decrease in height, in- 
ability to stand. Weakness. 
Occasional diarrhoea 


Anaemia. Weakness. <‘ Loose- 
ness’ of bowels 


Diarrhoea. ‘Under develop- 
ment’. Ununited epiphyses 


Abdominal distension after food 


Diarrhoea 


Weakness. Pains. Decrease in 
height 


Year. 


1925 
1934 
1926 
1929 
1930 


1934 
1935 


1930 
1931 
1934 


1933 


1934 


1934 


1935 


1935 
1935 
1936 


Infantilism. 


AZ 
-) 


Z 
° 


Yes 
Yes 
Much less 


No 


Yes 


No 


Glossitis. 


KK 
4 


es 


Yes 


Yes 
Yes 


Yes 
Yes 
Yes 


No 


Yes 
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Yes; later HClfound 
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Yes 
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No 
No 
No 


No 


No 


Yes, but HCl found 
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Yes, but HCl found 
after histamin 
Yes 
No 
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No 
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E III. § General Summary 





Blood (mg. per 100 c.c.) g 2 
i , ee a s 
2 ig. = a fh 3 3 
s a8 ae a £ og & Anaemia. B Remarks. 
= a3 , q a £2 Ff = 
+ am ioe 3 . es 2 Bs g re 
338 i pO é ¢ & £8 Ss 
3 22 : og er 3g £ BS § pa 
<3 o 56 §£ bp &@2 5 ws 5 
No § Moderate +9 78 3 196 — — 3,528 75 Simple. Good Osteomalacia. 
_ No +19 9 39 30 89 111 4,890 70 Hypochromic — Fractures united 
after treatment 
“~~ @ Moderate — 56 5 15 — — 2,350 73 Hyperchromic Death Severe tetany 
No Moderate +45 62 13 42 — — 3,600 45 WHypochromic Good Osteomalacia. 
Ye. No +50 85 39 36 85 107 5,450 88 _ — _ Fractures united 
68 =—_ — oS OE —_-_ — _— os after treatment 
iy No +15 605 42 — — — 5,400 65 Hypochromic Good Increase in height 
Ye: No — 81 6 — — — 4,620 90 _ oo of 4 in. between 
- No +1 825 51 20 93 142 — — — — ages of 223 and 
26,5 years 
No | Moderate +54 88 23 22 66 130 4,528 75 None Good Osteomalacia. 
Fractures united 
after treatment 
Yes? yes +424 678 3:9 24 91 143 1,690 42 Hyperchromic Good sa 
Yes | Moderate —4 101 41 33 82 110 4,690 55 Hypochromic Good Increase in height 
of 1? in. in 5} 
‘ months 
No] - yes 46 925 29 26 89 107 3,900 50 Hypochromic Good é 
- No +32 114 3 24 78 130 4,800 80 None Good a“ 
No No +15 95 328 30 57 607 4,170 83 None Good Biliary cirrhosis 


apparently due 
to rotation of 
liver kinking bile 
ducts. Kyphosis. 
Osteomalacia 
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DESCRIPTION OF PLATES 


PuatE 16, Fic. 4. Case 3. July 1934. Unable to stand; supported by hands of 
attendant under her axillae. 


Fic. 5. Case 3. Showing bone subcalcification and deformity. October 25, 1934. 
Fractures now healed. 


Fie. 6. Case 3. Showing callus forming at the osteotomy site, right femur, thirty- 
seven days after operation. 


Fic. 7. Case 3. After first operation. July 1935. Able to stand with support. 
Right leg short and outward angulation of right femur. 


Fic. 8. Case 3. After second operation. May 1936. Able to stand without support, 
and able to walk with caliper and walking-stick (after eight years unable to stand or 
walk). (Scale in feet.) 


PuaTE 17, Fic. 9. Case 4. Showing ununited epiphyses at age of 23} years. 


Fic. 10. Case 5. Showing bone subcalcification and four fractures in right radius and 
ulna. Before treatment. 


Fic. 11. Case 5. Showing increased calcification of bones and union of fractures 
after nine months of treatment. 


Fic. 12. Case 5. After treatment. December 1935. Marked deformity of forearms. 
(Scale in feet.) Erythema ab igne and skin pigmentation on body. 


Fic. 13. Case 10. Showing subcalcification of bones of hand as compared with 
control (c). 


Fic. 14. Case 10. Showing dorsal kyphosis and extreme vertebral subcalcification. 
The arrow points to the markedly compressed tenth dorsal vertebra which has assumed 
the form of a triangle with the apex forwards. The dorsal kyphosis was much more 
marked than seen in the picture for the patient was asked to hold herself as erect as 
possible for the réntgenogram. 
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GAUCHER’S DISEASE’ 


By TH. F. BLOEM, J. GROEN, anp C. POSTMA 


(From the Clinic and Out-Patient Department for Internal Medicine of 
the University of Amsterdam) 


With Plates 18 to 21 


Introduction 


GAUCHER’S disease is a relatively rare condition about which extensive 
literature exists. Following the excellent descriptions by Brill and Mandle- 
baum (18) summaries have been given in later years by Hoffmann and 
Makler (1), Reiss and Cato (2), Pick (3), Cornelia de Lange (4), and others. 

The clinical syndrome of Gaucher’s disease is characterized by spleno- 
megaly and often by splenohepatomegaly, but the spleen especially may 
attain an enormous size. Cases have been published where the weight of 
the spleen amounted to 8 kg. 

The disease progresses very slowly, so that the course of the disease may 
extend over thirty to forty years. There is no ascites, but the enormous 
spleen accompanied by enlargement of the liver give rise to the swelling of 
the abdomen. The cause of death is usually an intercurrent disease. 
Cachexia develops in the ultimate stages, but it is seldom so extensive as 
to cause death. The general condition often remains satisfactory for many 
years. 

The disease is frequently familial. Usually the members of one genera- 
tion only are affected. However, rare incidences of subsequent generations, 
affected by this disease, have been published. Often, but not always, the 
patients are Jews. 

Other less characteristic symptoms may be found. Elderly patients often 
have pingueculae, i.e. brownish-yellow, wedge-shaped thickening of the sclera 
at the nasal side of the conjunctiva. As is the case in most diseases with 
splenomegaly, anaemia and leucopenia are usually present. This is often 
associated with thrombocytopenia. This explains the haemorrhages from 
the nose and gums, or the general haemorrhagic diathesis which some of these 
patients show. 

In 45 to 75 per cent. of cases a skin pigmentation occurs sooner or later 
in the course of the disease. It is localized to the head, neck, and hands, 
parts which are uncovered. The mucous membrane of the mouth usually 
remains normal. 

Received 28 June, 1936. 
[Q.J.M. New Series No. 20] 
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Barschach and Gurin (5) mention a patient whose pigmentation looked 
like chloasma uterinum. Kaufmann (6) mentions pigmentation of the 
thighs, axillae, and linea alba. He also describes a case of unilateral pig- 
mentation. Usually the colour is ochre to brown with a yellow or 
leaden hue. 

We have been unable to find much information about the nature of this 
pigment. Rusca (quoted by Pick (3)) speaks of intense haemosiderosis. 
Pick never found any haemosiderin in the skin either in the early or in the 
late stages, He considers the pigmentation to be a manifestation of general 
haemochromatosis ; this, however, does not agree with the conception of 
other investigators. 

Kaufmann (6) states that the colour of the skin is the same as that of 
Gaucher cells in internal organs, but he cannot confirm either that these 
cells are coloured or that they occur in the skin. Rusca thinks the leaden 
hue may be due to anaemia. 

Hellier (7) in cases of haemochromatosis, saw similar leaden skin colora- 
tions caused by the presence of iron-containing pigments. 

We now know that Gaucher’s disease belongs to the disturbances of lipoid 
metabolism. Gaucher, who diagnosed the first case in 1882, found in the 
spleen of his patient multiple nests of the characteristic large cells with 
‘wrinkled’ protoplasm and small pyknotic and eccentric nuclei. The size 
of these cells varies between 20 and 80 y. He came to the—erroneous— 
conclusion that the condition was an ‘épithéliome primitif de la rate’. 
These cells are now recognized to be swollen reticulum cells and histiocytes, 
in which an abnormal lipoid has accumulated. The endothelial cells are 
usually free from infiltration with Gaucher substance. Careful studies by 
Lieb and Epstein, afterwards confirmed by Klercker, have shown that this 
Gaucher substance, the so-called kerasin, belongs to the cerebrosides: it 
contains nitrogen but not phosphorus. Kerasin is not stained by Sudan or 
other lipoid stains, and is very inert chemically. The indifferent character 
of this lipoid perhaps explains the long duration of Gaucher’s disease. 

Furthermore it has been shown that lipoid infiltration of the reticular cells 
and histiocytes is not limited to the spleen and liver, but that the bone-marrow 
and the internal lymph nodes are affected. The lipoid infiltration of the 
bone-marrow can often be discovered by X-ray examination, by swelling, and 
decalcifications of the bone. The place of predilection of these osseous lesions 
of Gaucher’s disease is the lower part of the femur, in which a bottle-shaped 
swelling of the lower part of the shaft, with thinning of the cortical layer 
or focal decalcification is often found. The bone lesions, however, may also 
be located in other parts of the skeleton. Sometimes the decalcification 
leads to bone-pains and spontaneous fractures. 

Kerasin has only been found in the reticulum cells and the histiocytes of 
spleen, liver, bone-marrow, and lymph nodes, not in other organs. Chemical 
investigations, up to the present time, have failed to demonstrate any 
characteristic features in blood and urine. 
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Thus Gaucher’s disease must be suspected when a slowly growing enormous 
spleen, enlarged liver, satisfactory general condition, leucopenia, thrombo- 
cytopenia, haemorrhagic diathesis, brownish pingueculae, pigmentation of 
the skin, and finally bone lesions, are present in patients in whom leukaemia, 
cirrhosis of the liver, haemolytic jaundice, splenic anaemia, Banti’s disease, 
and thrombosis of the splenic vein can be excluded. 

The presence of splenomegaly (or the fact that a characteristic ‘ Gaucher 
spleen has been removed) in other members of the same family is always an 
important support for the diagnosis. When the haemorrhagic diathesis is 
absent the spleen may be punctured because the large ‘foamy’ Gaucher 
cells can nearly always be recognized in the tissue removed. 

We describe here five patients suffering from Gaucher’s disease, in which 
certain clinical manifestations were present, which have previously been 
inadequately mentioned in literature, namely, symmetrical pigmentation of 
leaden hue in the legs, presence of malar flush and myopia, definite evidence 
of hereditary transmission, and certain chemical data about the lipoids of 
the blood-serum. 


? 


Case Reports 


Case 1. H.U., a Jewish merchant, aged 49, was admitted to Professor 
Snapper’s clinic in February, 1934. He complained of pain in the right leg, 
which for fourteen years had slowly grown worse and now made walking 
practically impossible. He stated that he had had a swollen abdomen since 
he was a schoolboy, and that fifteen years ago he was told he had an enlarged 
liver and spleen. Now and then he had suffered from nasal haemorrhages, 
which lately had become more frequent. His sight had always been bad 
and his legs had been brown in colour for many years. Apart from diph- 
theria and gonorrhoea he had never had any serious illness. His father 
committed suicide and his mother died of old age; her liver and spleen 
were known to be normal. His brothers and sisters were examined by us 
and found normal. His wife was healthy and had had no abortions. Her 
two children died shortly after their birth. 

Examination revealed a small thin man, whose skin on the hands and 
face showed a brownish-yellow colour. He had a pronounced malar flush, 
pingueculae, and was very myopic. There were dark brown patches on the 
mucous membrane of the mouth. Except for a tracheotomy scar there was 
nothing unusual in the neck. Apart from kyphoscoliosis and a somewhat 
elevated diaphragm, his chest was normal. The abdomen was very dis- 
tended. The liver was enlarged, to about four fingers below the costal 
margin and the spleen occupied practically the entire left half of the 
abdomen. There was no ascites and no distension of the veins in the 
abdominal wall. The genitalia and anal area were normal, though rather 
pigmented. Hands and wrists showed a yellowish colour and the folds in 
the palms were very dark. The right hip was stiff; both knee and ankle- 
jerks were absent. 

Both legs (Plate 18, Fig. 1) showed a symmetrical circular pigmentation of 
the skin, which extended from the instep to the knee. The lower margin of 
the pigmented area was straight and well defined, but the upper border showed 
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stripe-like projections with normal skin between. The skin was slightly 
atrophic and glossy with some scaling. The hair follicles were more deeply 
pigmented, while the colour varied from leaden-grey to dark brown. The 
soles of both feet were normal. There were no varicose veins. On the side 
of the right lower leg was a small scab, covering an ulcer, in the middle of 
the pigmented area, which was the result of a kick. There were no signs of 
eczema. 

The urine was normal and contained no excess of urobilin. The Wasser- 
mann and Sachs-Georgi reactions were negative. The sedimentation rate 
was normal, as were also the urea, bilirubin, sugar, calcium, and inorganic 
phosphorus of the blood. Liver function tests (galactose, bromsulphalein, 
albumin-globulin quotient) were normal. The blood count showing anaemia, 
leucocytopenia, and thrombocytopenia is given in Table I. The mean cor- 
puscular volume (Wintrobe) was 108 p.® 

A radiogram of the pelvis (Plate 21, Fig. 8) revealed a mushroom-like mal- 
formation of the head of the right femur with decalcified areas, and a normal 
acetabulum. The distal ends of both femora had a typical conical shape and 
showed areas of changed structure (Plate 19, Fig. 3). Similar areas were 
found in the right radius (Plate 19, Fig. 4), while the rest of the skeleton, 
apart from slight generalized decalcification, was normal. 


Differential diagnosis. Twelve years previously this patient was under 
observation in another hospital, where on account of the enlarged liver and 
spleen, the pigmentation and the presence of a slight amount of reducing 
substance in the urine, the diagnosis of haemochromatosis had been made. 
Biopsy from the mucous membrane of the mouth was performed and 
Dr. W. H. de Vries recognized the pigment as melanin. During our obser- 
vation we doubted the diagnosis of haemochromatosis, inasmuch as it 
appeared improbable that twelve years after the recognition of a hepatic 
cirrhosis, liver function tests should still be normal. Likewise the blood- 
sugar curve was entirely normal, as was the iron content of the saliva which 
is often decreased in haemochromatosis. We considered other possibilities, 
such as leukaemia, Hodgkin’s disease, malignant growth, amyloid disease, 
and thrombosis of the portal veins, but could rule these conditions out. So it 
occurred to us this might be a case of Gaucher’s disease, since the criteria 
already stated were present. In addition to this, one of us (Postma (8)) had 
seen a patient with very similar pigmentation of the legs and who was known 
to be suffering from Gaucher’s disease (see Case 2). We thought this might 
be a point in favour of the diagnosis, though we could not find it mentioned 
in the literature, even after an extensive search. Puncture of the liver of 
our patient established the diagnosis as proved by the pathological report. 
The sediment of the puncture fluid, examined before fixation, contained not 
only many leucocytes and erythrocytes but also large cells with vacuoles. 
These cells give a negative Sudan reaction. The sediment was fixed and 
embedded, and on microscopic examination a fragment of skin and muscle, 
together with some pieces of liver-tissue were found. In the liver-tissue 
groups of large cells with strongly vacuolated plasma were present. The 
nucleus of these cells was of about the same size as the nucleus of the liver 
cells. Glycogen-staining (Best) with carmine shows that the normal liver- 
cells contain much glycogen. Contrary to this the groups of large cells with 
vacuolar plasma contained no glycogen at all. Also iron-pigment was absent 
in these cells (Turnbull stain). Because of the absence of glycogen, iron, and 
fat, the size of the cells, the wrinkled protoplasm, it was concluded that the 
groups of large vacuolar cells must be Gaucher cells. 
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Case 2. Miss A.P., aged 38, of Jewish family, suffered from acute 
rheumatic fever when she was thirteen years old. Some years later she was 
in hospital for abdominal symptoms and an enlarged spleen was found. 
Lately the abdomen had become more swollen, but apart from some short- 
ness of breath she felt fairly well. However, she noticed for some ten years 
that her legs had become discoloured, and it was chiefly for this that she 
came for medical advice. She was slightly undernourished. Both eyes were 
myopic. There was a well-pronounced malar flush and in both conjunctivae 
small pingueculae were found. The heart was enlarged on both sides and a 
well compensated mitral stenosis existed. The lungs were normal. The spleen 
was very large and occupied the entire left half of the abdomen. The liver 
reached about three fingers below the costal margin. There were no lymph 
glands palpable. Examination of the blood showed anaemia, thrombocyto- 
penia and leucopenia. Results of morphological and chemical blood exami- 
nations are shown in Tables I and II. The skin was normal except for slight 
pigmentation on her face, neck, and right forearm. Both legs (Plate 19, Fig. 5) 
showed a symmetrical circular pigmentation extending from the knees to the 
insteps, the upper and lower margins termi ating as in Case 1. Incharacter 
these pigmented areas were very similar to those of Case 1. There were a 
few small varicose veins, slight oedema of the ankles, and a small ulcer on the 
right leg, but no eczema. As in Case 1 the X-ray showed that the lower end 
of each femur was conical-shaped, but otherwise there was no abnormality 
of bone. 

The diagnosis of Gaucher’s disease was made because of the following 
symptoms: Enormous spleen, present for more than fifteen years; en- 
larged liver; satisfactory general condition; symmetrical pigmentation of 
the legs; conical shape of lower end of the femur. 

Biopsy or exploratory puncture was impossible in this case. However, the 
diagnosis of Gaucher’s disease was confirmed by the discovery that other 
members of the family showed the same syndrome. In one of the members 
of the family the spleen had been removed, and this on microscopic examina- 
tion was typical for Gaucher’s disease. 

The family pedigree, although incomplete, is worthy of special note : 

The grandfather of Case 2 married twice: we have no medical information 
about him. By his first wife he had a son who is the father of Case 2, and 
other children of whom we have no information. The father, who was said 
to have had an enlarged liver, died in 1922 at the age of 62. His wife had 
mild diabetes. They had eight children: (1) female, 51, is normal, as also 
her three children. (2) Female, who died at 36 in labour, had had nasal 
haemorrhages and was said to have had an enlarged spleen but normal legs. 
She may have had Gaucher’s disease. (3) Male, 47, of whom all we know is 
that he had haemorrhages following dental extractions. (4) Female, 45, 
healthy, as also her son. (5) Case 2, described above. (6) Male, healthy, 
without children. (7) Male, 37, healthy, has no children. (8) Female, 32, 
healthy. 

The grandfather had a son also by his second wife; this son died at 50, 
but otherwise there is nothing known about him. His wife died of apoplexy : 
she had had eleven pregnancies. (1) Male, 35, had no complaints and 
refused examination. (2, 3, and 4) died very young; particulars unknown. 
(5) Male, 30, had no complaints. His doctor who examined him a short time 
ago for appendicitis, found no enlargement of liver or spleen. (6) Female, 
29, married, but without children. Her doctor found an enlarged spleen and 
liver and leucopenia. Cholecystectomy was performed a few years ago. 
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(7) Female, 28, married and had two children; her doctor never found an 
enlarged liver orspleen. There wasa history of gall stones. (8) and (9) were 
abortions. (10) Male, 24, had a fairly large spleen and a slightly enlarged 
liver. There was a pronounced malar flush and slight pingueculae but no 
pigmentation of the legs. (11) Male, who at 13 died shortly after splen- 
ectomy, which was performed for fear of malignancy. He had been jaundiced 
with a raised direct van den Bergh test and urobilinuria. His spleen was 
enormous and weighed 750 grm.; on histological examination it proved to 
be a typical Gaucher spleen as shown by the pathological report. 

Spleen: weight 720 grm. On the cut surface a great number of glassy 
follicles were seen. The size of the follicles was increased. Amyloid reaction 
with iodine was negative. 

In the paraffin-slides many normal follicles appeared. to be present. 
Sometimes, however, nests of large cells with a diameter of 35 microns were 
found in the follicles. Some of these cells contained more than one nucleus 
(4-5). Everywhere between the capillaries and the trabeculae nests of pale 
polygonal cells with a pale nucleus were found. These cells had only 
exceptionally a central nucleus: usually the nucleus lay in the periphery, 
sometimes these cells contained two nucleae. The cell protoplasm was 
homogeneous or slightly granular, sometimes with vacuoles. 

Red blood corpuscles, leucocytes, and lymphocytes were only scanty, 
plasma cells were seen more frequently. 

In the frozen sections stained with Sudan, no lipoid could be found in the 
big cells. Here the size of these cells varied between 30-80 microns. A 
diagnosis of Gaucher’s disease was made. 

The points of interest in this pedigree are first that the grandfather was 
common to the two families, in each of which there were members with 
Gaucher’s disease; this means that the condition is hereditary as well as 
familial: secondly that, as with Huntington’s chorea, for instance, the age of 
onset is earlier in later generations; and thirdly, that those members who 
definitely had the disease either had no children or their babies died shortly 
after birth. 


Case 3. M.S., male, 65, a Jewish merchant, was admitted to Prof. Snap- 
per’s clinic in November 1934. Twenty years previously he had had a very 
severe haemorrhage after an operation for hernia, and subsequently repeated 
haemorrhages with every wound and dental extraction. He now (1934) 
complained of his heart. There was a very marked malar flush, and a 
brownish-yellow pigmentation of the face, neck, and hands. Both conjunc- 
tivae showed marked pingueculae; there was a left traumatic cataract and 
right myopia. The heart was enlarged to the left with a slight systolic 
apical murmur, and there was slight bronchitis. The spleen was enormous, 
extending to Poupart’s ligament, but not across the mid-line of the abdomen. 
There was slight enlargement of the liver, but no ascites. The blood picture 
was typical for Gaucher’s disease (Table [). 

Pigmentation of both legs was well marked, and exactly similar in 
character and distribution to that of Case 1. There was an enlargement of 
the prostate with a slight impairment of renal efficiency, but otherwise the 
blood and urinary findings were similar to those of Case 1 (see also Tables I 
and II). The skeleton was normal by X-ray. 

A biopsy of the skin was made. The pathologist found a brownish pig- 
ment in the dermis, subcutaneous tissue, and some of the small vessels and 
sweat glands, most of which gave a positive reaction for iron, and all of 
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which was unstained by Sudan III; there was no increase of normally 
situated melanin. Puncture of spleen or liver was avoided for fear of 
haemorrhage. 

Clinical diagnosis of Gaucher’s disease seemed justified on account of the 
enormous spleen without involvement of the general condition, the en- 
largement of the liver, symmetrical pigmentation of both legs, anaemia, 
leucopenia and thrombocytopenia. The diagnosis of Gaucher’s disease was 
supported by the family history; two of the sons of this patient showed 
considerable enlargement of the spleen. One brother of the patient died 
from an accident; two others, aged 79 and 69, were examined and found 
healthy. There was one daughter who refused examination and two sons. 
The elder son, aged 30 (Case 3a) had bronchitis, a yellow pigmentation of 
the face with a malar flush, myopia, and pingueculae, and an enlarged spleen 
but no pigmentation of the legs; the younger son, aged 27 (Case 3b) had 
the same signs but showed early pigmentation of the legs (Plate 20, Fig. 6). 
In his blood some anaemia, leucopenia, and thrombocytopenia were found. 
(For blood counts see Tables I and IT.) 


Case 4. Mrs. S. H., a Jewess, aged 40, as a schoolgirl had a swollen 
abdomen and pigmentation of the face with a malar flush. Nine years ago 
her doctor had detected an enlarged spleen and leucopenia. Pigmentation 
of the legs started about twelve years ago. A dental extraction was followed 
by severe haemorrhage. Her eyesight was bad, especially that of the right 
eye. A year ago she had pain in the right loin, which has returned recently 
and has descended to the right leg. 

On examination the enlargement of the abdomen was very striking in the 
presence of general undernutrition. There was pigmentation of the face 
and hands, right myopia, and bilateral pingueculae. The liver reached four 
fingers below the costal margin, and the spleen not only occupied the entire 
left half of the abdomen but extended over the midline. There was no 
ascites. Anaemia, leucopenia, and thrombocytopenia were present (see 
Tables I and II). 

The pigmentation of the legs (Plate 20, Fig. 7) was typical in distribution, 
but in tint was more leaden than that of the previous cases. In this region 
the skin was atrophic and glossy, but had never been the site of scaling, 
ulceration, or varicose veins. X-ray revealed a well-defined lesion in the right 
sacro-iliac joint (Plate 21, Fig. 8) and the usual conical expansion of the lower 
ends of the femora. No further cases were found in her family. However, 
the clinical symptoms being the same as in the foregoing cases, pigmentation 
and bone lesions also being present, the diagnosis of Gaucher’s disease seemed 
justified. 


Case 5. W. de B., a male, aged 25, not a Jew, was admitted in February 
1934 to the internal department of the Director of the Binnengasthuis 
because of abdominal discomfort. Apart from scarlet fever, diphtheria, and 
measles, he had never been ill. For several years he had noticed an in- 
creasing tendency to bleed. He had a slight malar flush and pingueculae. 
Both eyes were myopic. The chest was normal. Both the liver and spleen 
were enlarged, the latter reaching the anterior superior iliac spine. His legs 
showed early brown pigmentation (Plate 21, Fig. 9) in patches and ending 
sharply at the insteps. The urine was normal. For blood examinations 
(leucopenia and thrombocytopenia) see Tables I and II. The Wassermann 
reaction was negative ; liver efficiency tests and radiograms of the skeleton 
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were normal. Dr. Elte showed this patient to us, and for the same reasons 
as mentioned in Case 4 we did not hesitate to diagnose Gaucher’s disease. 
His sister, the only other living member of his family, was normal. 


Discussion 


All the patients here recorded showed the typical clinical syndrome of 
Gaucher’s disease, characterized by the well known signs, mentioned in the 
introduction. Pingueculae were present in all cases, and very marked in 
one. The spleen was hard to palpation, while the liver was more elastic. 
The blood counts nearly always showed the splenic syndrome, anaemia, 
leucopenia, and thrombocytopenia. 

Skeletal defects were found in two cases, in both of which they appeared 
late in the disease. They are important signs in support of the diagnosis, 
Fischer (9), Milch and Pomeranz (10), Junghagen (11). Recently Heil- 
bron (12) described a child in whom the bony lesions cleared up. 

Some special points of the symptomatology of these patients may be 
mentioned : 

1. All patients had a malar flush and myopia, symptoms not specially 
mentioned in literature. 

2. The position of the enlarged spleen was somewhat unusual. It occupied 
the whole left side of the abdomen, but extended directly downwards 
towards Poupart’s ligament instead of oblique in the direction of the um- 
bilicus. 

3. As in Gaucher’s disease a special lipoid, kerasin, is accumulated in the 
reticulum of the spleen, liver, lymph nodes, and bone-marrow, we undertook 
an extensive investigation of the blood chemistry, especially of the blood 
lipoids (Table II). The total fats, cholesterol and lecithin, were found to 
vary within normal limits. 

The kerasin of the Gaucher patients contains nitrogen but no phosphorus. 
Therefore the presence of an abnormal quantity of kerasin in the blood 
must cause an increase of the nitrogen content with normal phosphorus con- 
tent of an alcohol-ether extract (Bloor) of blood-plasma. As a matter of 
fact the nitrogen value of the Bloor’s extract appeared to be high in three 
out of five cases. In the remaining two cases the nitrogen content of the 
blood extract was at the upper normal limit. Moreover the high lipoid 
nitrogen was always accompanied by a normal lipoid phosphorus. As 
a comparison we also studied cases of nephrosis and xanthomatosis (Table ITI), 
in which the lipoids of the blood-plasma are increased. Here we found not 
only an increased cholesterol content but also a high lipoid nitrogen. How- 
ever, contrary to our findings in Gaucher’s disease, we observed that in 
nephrosis and in xanthomatosis the high lipoid nitrogen is always accom- 
panied by a raised lipoid phosphorus. 

An increase of lipoid nitrogen with normal lipoid phosphorus—if con- 
firmed in other cases of Gaucher’s disease—might point to the presence of 
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kerasin in the blood-plasma. However, attempts to isolate kerasin from the 
blood or large volumes of urine failed. 

4. We wish to draw particular attention to the characteristic symmetrical 
pigmentation of the legs of our patients. When fully developed it extended 
from just below the knees to the instep, and never involved the soles or any 
part of the toes. Very striking was the sharply-defined margin just below 
the level of the ankle; the upper margin was irregular and less defined. 
The colour, also, was characteristic, varying from yellowish-brown to leaden- 
grey, and patchy. In Case 4 (Plate 20, Fig. 7) the leaden-grey tint was very 
marked, and in all cases the hair follicles were very pigmented. 

The skin was usually glossy, sometimes atrophic with scales. Small ulcers 
and varicose veins were noted in some cases, but there was never any 
eczema. This pigmentation has only recently been mentioned in the litera- 
ture and is probably a most valuable diagnostic sign in Gaucher’s disease. 

Kveim (13), of whose article we have only been able to see an abstract, 
noted it and thought it might be a sign of Gaucher’s disease. Horsley, 
Baker, and Apperly (14) in their report of a case state that the legs were 
pigmented, but lay no emphasis on the fact. 

The pigmentation we have described is so characteristic that once recog- 
nized it is unlikely to be mistaken for any other. Even haemochromatosis 
presents no difficulty in differentiation because in that disease the legs are 
usually normal. 

There may be some hesitation in differentiating certain skin diseases with 
pigmentation of the legs, e.g. Schamberg’s disease, Purpura annularis 
Majocchi (dermite pigmentée et purpurique des jambes ou dermite d’ocre), 
and the skin lesions due to varicose veins, but these are distinguished by the 
absence of splenic enlargement as well as by the particular local characters 
of each. Thus, in the pigmentation associated with varicose veins, the skin 
in the region of the instep and just below the knee is generally unaffected. 
Also there are the signs of infection of the varicose ulcer or there is eczema, 
or hyperkeratosis. 

Most of the examples of Gaucher’s disease in the literature occur in 
children or young adults. The disease, however, is found at all ages, our 
oldest patient being 65. 

The mechanism of inheritance is unknown. By most writers the disease 
is described as familial and as occurring in one generation only (18, 19), though 
Rettig (15), Bychowski (16), and others reported cases in children and their 
parents many years ago. Anderson (17) describes a family with Gaucher’s 
disease in the first and third generations, but not in the second, which 
suggests that there is inheritance of a recessive characteristic, though of 
course the published data to date are too meagre to justify a definite 
statement. 


[Q.J.M. New Series No. 20] Mm 
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TABLE I 
Case 1. Case 2. Case 3. Case 3b. Case 4, Case 5. 


Red corpuscles, in 3-10 3-58 2-60 4-12 3°46 4:57 
millions 
Haemoglobin 78 53 47 80 57 79 
(Sahli) 
Colour index 1-2 0-7 0-9 1 0:8 0-8 
White corpuscles 2300 2100 2500 4900 2100 2000 
Blood-platelets 20800 diminished 18200 18000 diminished 10000 
Staff cells — 4 1 2 1 3 
Polymorphs 55 60-5 49-5 62 44 54 
Eosinophils 1 0:5 0-5 2 —- 2 
Basophils — — oo —- 1 = 
Monocytes 3 2:5 2 3 3 2 
Lymphocytes 41 32-5 43 31 51 39 
Normoblasts — — — — 2 1 
Bleeding time, 2 -- 25 1 -- 10 
minutes 
Coagulation time, 4 — 13 4 — 4:5 
minutes 
TABLE IT 
Normal Casel. Case2. Case 3. Case 3b. Case 4. Case 5. 
values. 
mg. % mg. %. mg. % mg. % mg. % mg. % mg. % 
Free chol- 30-130 49-5 34:3 49-5 42-0 68-25 47°5 
esterol 
Cholesterol 40-150 57-4 83-37 119+3 83-63 95-25 62-8 
ester 
Total chol- 100-230 106-9 117-75 168-8 125-63 163-50 110-3 
esterol 
Lipoid 7-14 — 6-80 5°29 7-25 8-70 9-17 
phosphorus 
Lipoid 15-25 — 22-71 42-67 41-72 24-78 46-2 
nitrogen 
Lecithin 175-330 200-3 170-0 132-35 181-25 217-5 229-25 
Totalfatwith- 200-650 — — 294-9 571-0 521-5 433-4 
out chol- 
esterol 


Estimations were made in duplicate on Bloor’s extract of blood-plasma. 

Free and total cholesterol were determined gravimetrically by the digitonin method ; 
the esters by difference. 

Lipoid phosphorus: colorimetrically ; lecithin calculated as lipoid P x 25. 

Lipoid nitrogen: micro-Kjeldahl method. 

Total fat, by chromic acid method. 


TABLE IIT 


Nephrosis. Xanthomatosis. 








™~ ™ 
Case l. Case2. Case3. Casel. Case2. Case 3. 


mg.% mg. % mg. % mg.% mg. % mg. % 
Free cholesterol 65-2 158-3 152-50 91°5 110-25 208-5 
Cholesterol ester 270°8 297-7 362-0 185-0 232-25 469-0 
Total cholesterol 336-0 456-0 514-5 276-5 342°5 677-5 
Lipoid phosphorus 10-07 8-0 14-28 16-6 19-1 21-05 
Lipoid nitrogen 44-3 48-2 39-89 39-2 37:1 36:4 
Lecithin 251-75 200-0 357-0 415-0 478-0 526-25 
Total fat without chol- 515-3 189-6 676°50 346-0 428-0 557-0 


esterol 
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Summary 


Five cases of Gaucher’s disease are reported. 

In addition to the well-recognized signs, attention is drawn to the presence 
of a malar flush and frequent myopia, to the somewhat unusual position of 
the enlarged spleen, and, above all, to the remarkable symmetrical pig- 
mentation of the legs. 

Changes in the lipoid content of the blood-plasma (increased nitrogen con- 
tent with normal phosphorus values of Bloor’s extract) are frequent, but 
apparently not constant symptoms. 

Gaucher’s disease is hereditary as well as familial; points in the heredity 
are discussed briefly. 
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DESCRIPTION OF PLATES 


PuateE 18, Fia. 1. Case 1. Symmetrical pigmentation of both legs. 

Fic. 2. Case 1. Deformation and changes in structure. of the head of right femur. 

PuatE 19, Fic. 3. Case 1. Conical shape of distal end of femur with rarefaction, 
compared with normal femur of same age and sex. 

Fie. 4. Case 1. Lesions in the left radius. 

Fic. 5. Case 2. Symmetrical pigmentation of both legs; glossy skin with scales. 

Pate 20, Fia.6. Son of Case 3. Early case of symmetrical pigmentation. 

Fic. 7. Case 4. Leaden-grey pigmentation of both legs with brownish patches. 

PuaTE 21, Fia. 8. Case 4. Lesion in pelvis. 

Fie. 9. Case 5. Very early pigmentation of both ankles. 
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Fic. 2. Case 1. Deformation and changes in structure of the head 
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Fig. 9. 


Fic. 8. Case 4. Lesion in pelvis 


Case 5. Very early pigmentation of both ankles 
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PROCEEDINGS OF THE ASSOCIATION OF PHYSICIANS 
OF GREAT BRITAIN AND IRELAND 


1936 


THIRTIETH ANNUAL GENERAL MEETING 


THE THIRTIETH ANNUAL GENERAL MEETING was held in Manchester on Friday 
and Saturday, May 29 and 30, 1936, in the Physiology Theatre of the Victoria 
University. The attendance book for the meeting was signed by 164 members. The 
proceedings began at 10 a.m. 


The President, Dr. H. Morley Fletcher, was in the Chair. 


The Minutes of the last Annual General Meeting, having been published in the 
Quarterly Journal of Medicine, were taken as read and confirmed. 


Deaths of Honorary Members. The President referred to the great loss sustained by 
the Association through the recent deaths of two of its Honorary Members and 
founders, Sir Archibald Garrod and Sir Wilmot Herringham. 


Treasurer's Account. The Hon. Secretary, on behalf of the Hon. Treasurer, Dr. H. 
Letheby Tidy, presented the Annual Accounts, which were adopted. They showed a 
balance of £384 2s. 6d. It was agreed that the sum of £300 on deposit should be 
invested in War Loan. 


Selection of Place of Meeting for 1937. A letter was read from Dr. J. D. Comrie, on 
behalf of the local Members, inviting the Association to meet in Edinburgh in 1937. 
The invitation was cordially accepted. 


Election of Officers 


President. Professor G. R. Murray was elected President. On his election he took 
the Chair, and expressed the thanks of the Association to the retiring President. 


Election of Executive Committee, Honorary Members, Extra-Ordinary Members, 
and Ordinary Members followed. 


Executive Committee 
President. Professor G. R. Murray. 


Treasurer. Dr. H. Letheby Tidy. 
Secretary. Professor L. J. Witts. 


Members for England : 


Dr. Crighton Bramwell. 
Professor A. W. M. Ellis. 
Dr. A. Feiling. 

Dr. A. G. Gibson. 

Dr. A. W. Stott. 

Dr. K. D. Wilkinson. 


Members for Scotland: 


Dr. G. A. Allan. 
Dr. J. D. Comrie. 
Dr. W. E. Foggie. 
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Members for Ireland: 


Dr. L. Abrahamson. 
Dr. E. T. Freeman. 
Dr. R. Marshall. 


Honorary Members: 


Professor J. C. Meakins (Director, Department of Medicine, McGill University, 
Montreal). 
Dr. F. Parkes Weber (Vir eximia rerum cognitione insignis). 


Extra-Ordinary Members: 
Dr. W. K. Hunter. 
Sir Walter Langdon-Brown. 
Dr. J. Souttar McKendrick. 
Dr. J. S. Morrow. 
Dr. J. S. Risien Russell. 
Dr. Claude Wilson. 


Ordinary Members: 


Robert Stevenson Aitken, M.R.C.P., Assistant Director, Department of Medicine, 
British Post-Graduate School of Medicine. 

James Davidson Stewart Cameron, M.D., Assistant Physician, Royal Infirmary, 
Edinburgh. 

Ronald Victor Christie, M.B., Assistant Director, Medical Unit, London Hospital. 

Alexander MacDougall Cooke, D.M., Assistant Physician, Radcliffe Infirmary, Oxford. 

Arthur Muir Crawford, M.D., Visiting Physician, Royal Infirmary, Glasgow. 

Horace Evans, M.D., Assistant Physician, London Hospital. 

Stanley Jack Hartfall, M.D., Assistant Physician, General Infirmary, Leeds. 

Arthur Hillyard Holmes, M.D., Physician, Manchester Royal Infirmary. 

Frank Graham Lescher, M.D., Physician, Derby Royal Infirmary. 

William Ernest Lloyd, M.D., Assistant Physician, Westminster Hospital. 

John Gibb McCrie, F.R.C.P.E., Assistant Physician, Royal Infirmary, Edinburgh. 

Christopher Joseph McSweeney, M.D., Medical Superintendent, Cork Street Hospital, 
Dublin. 

Allan William Spence, M.D., Assistant Director, Medical Professorial Unit, St. Bar- 
tholomew’s Hospital. 


SCIENTIFIC BUSINESS 
Friday Morning 


1. Dr. James Carstaw reported A Fatal Case of Agranulocytic Angina. The patient, 
a lady of 65, had been acutely ill with sore throat, cellulitis of the neck, and acute 
septicaemia for three weeks. The temperature chart was shown, and slides demon- 
strating degeneration of bone-marrow and lymphocytic infiltration of the tissues of the 
neck. Shortly before the onset of the angina the patient had had allonal, but a very small 
dose, equal in all to 10 gr. of amidopyrine. Active treatment with pentnucleotide had 
no effect. In contrast he mentioned the case of a lady who, over a period of eighteen 
months, had taken pyramidon and allonal freely, in all fully 2,900 gr. of amidopyrine, 
and whose blood films were normal. 


2. Dr. S. W. Patrrerson read a paper on Recurrent Granulocytopenia, citing two 
cases observed at Ruthin Castle. In one there was a leucocytic response to pharyng- 
itis, but later a leucopenia after strenuous exercise which was followed by malaise and 
severe muscle pain. In this case an increased number (22 per cent.) of disrupted white 
cells was found in the blood films. Routine observations on the proportion of these 
disrupted cells in ordinary differential counts showed that this fell on a probability 
curve and was due probably to technique. In thirteen cases of 692 films examined, the 
proportion was above 10 percent. These comprised cases of disease of bone-marrow, 
malaria, cirrhosis of liver, and the two patients cited. It was possible that in some 
cases there was an anomaly of maturation of the leucocytes, possibly an increase of 
lability. 


3. Dr. M. C. G. IsRAELs, introduced by Dr. J. F. Witxrnson, described Four Cases 
of Agranulocytosis, illustrating different types of this syndrome. He emphasized the 
importance of distinguishing primary agranulocytosis from that due to other causes 
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such as aplastic anaemia, leukaemia, and septicaemia. The characteristic features of 
agranulocytosis were summarized as sudden onset, lesions in the mouth—often trivial, 
and from which no very virulent organisms were obtainable—slight anaemia, very low 
granulocytes, no haemorrhages, no enlarged glands—except where due to adjacent 
ulceration—and no immature white cells. The presence of haemorrhages, severe 
anaemia, diminution of platelets, or notable enlargement of spleen or lymph glands, 
indicated that the agranulocytosis was almost certainly secondary. In secondary cases 
no benefit could be expected from pentnucleotide treatment. 


Dr. Joun Hay and Proressor Natsu had both seen cases of agranulocytosis which 
responded to pentnucleotide in a first attack, but failed to respond in a second attack. 
Dr. Starxine had seen a patient benefit from transfusion when pentnucleotide alone 
failed. Dr. Donatp Hatt, who had seen seven cases, all fatal, had found pentnucleo- 
tide and all other forms of treatment equally disappointing. Drs. EpcEcomss, 
PaRKES WEBER, SIR WILLIAM WILLCOx, and PRorEssor WIrTTs also spoke. It was 
apparent that members were exercised by the evidence that quite small doses of 
amidopyrine might be so harmful and that treatment of agranulocytosis was so 
disappointing. 

4. Dr. W. C. SMaLLwoop, introduced by Dr. L. G. Parsons, discussed The Matura- 
tion of the Red Cell. In dealing with the various factors responsible for the maturation 
of the red cell and their modes of action, it was suggested that anoxaemia, vitamin C, 
and thyroxin act as stimuli to erythrogenesis throughout the whole range of matura- 
tion from reticulo-endothelial cell to normocyte. The anaemias of scurvy and cretinism 
are the result of a general slowing down of erythrogenesis, and are usually normocytic 
but occasionally macrocytic. Anoxaemia may elicit a macrocytic response. Reticulo- 
cytes are frequently macrocytes and derived from megaloblasts. Hypochromic micro- 
cytic anaemias are due to a lack of available haemoglobin and the factors necessary 
for haemoglobin synthesis, including iron, pyrrol bodies, copper, and protein. In the 
presence of inadequate amounts of haemoglobin, normoblastic proliferation of the 
marrow occurs in order to provide the circulation with large numbers of small cells, 
many of which are badly built (poikilocytes) and are rapidly removed from the 
circulation by the spleen. 


Lorp Dawson and Proressor WITTs commented on this paper. 


5. Dr. R. R. Bomrorp, introduced by Dr. DonaLD HuntTER, reported Observations on 
Anaemia in Myxoedema. In four of his eight cases the anaemia was megalocytic and 
hyperchromic in type, resembled that produced by thyroidectomy in animals, and was 
relieved, without the occurrence of a specific reticulocyte response, by the prolonged 
administration of thyroid alone. It was claimed that this type of anaemia represents 
the uncomplicated anaemia of hypothyroidism, and that it is due, not: to dyshaemo- 
poiesis as a result of deficient supply of thyroxin to the bone-marrow, but to atrophy 
of the erythron as an adaptation of the circulation to diminished oxygen consumption 
of the tissues. The anaemia of the remaining four cases was hypochromic, and iron 
was necessary for its relief. In this type hypothyroidism appeared to be complicated 
by the presence of the familiar syndrome of iron deficiency. 


Dr. NattTrass commented on the importance of achlorhydria in some of the cases, 
and Dr. PARKES WEBER also spoke. 


6. Dr. E. R. Cuttrman reported a series of cases of Idiopathic Jaundice, often 
Recurrent, Associated with Subacute Necrosis of the Liver. 


Dr. Parkes WEBER thought that cases of similar recurrent hepatitis without 
jaundice were not uncommon though rarely recognized during life. Dr. McN&EE 
regarded the syndrome as the intermediate stage of hepatitis, and Sir WitL1am 
Wittcox had seen a progressive hepatitis of the same type follow an acute hepatitis of 
known aetiology. Dr. Imrie suggested the use of choline in its treatment. 


2 p.m. to 3 p.m. 
Clinical Cases at the Manchester Royal Infirmary and Demonstrations in the His- 
tology Laboratory in the Victoria University. 
3p.m. Afternoon Session 


1. Dr. C. C. UNGLEy reported a Case of Polyneuritis in Pernicious Anaemia Treated 
with Vitamin B, Parenterally, illustrating his remarks with a cinema film. Dr. W. 
RircH1E RussELL commented on the rapid onset of recovery of sensation in the 
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proximal parts of the limbs. Prorrssor Ritcure had found vitamin B concentrates 
valuable in the alcoholic heart with oedema. Proressor E. BRAMWELL also spoke. 


2. Prorressor E. D. TEeLrorpD, introduced by Prorressor G. R. Murray, made a 
communication on Some Problems of Thrombo-angiitis obliterans. Was the disease 
spastic or toxic in origin? Arguments, illustrated by examples from cervical rib and 
Raynaud’s disease, were given to show that arterial spasm could be followed by 
thrombosis. On the other hand, the frequent occurrence of phlebitis in the disease 
was hardly to be explained on other than a toxic theory, and the histological picture 
seemed to confim this view. In estimating the ‘circulatory value’ of the diseased limb, 
stress was laid on the colour changes. A simple instrument for the measurement of 
claudication was demonstrated. Various methods of treatment were discussed. The 
speaker had submitted seventy of these cases to the operation of lumbar sympath- 
ectomy, and strongly advocated this operation, especially in the earlier cases and the 
younger patients. 


3. Mr. G. JEFFERSON, introduced by Dr. F. R. Fercuson, spoke Concerning the 
Benign Gliomas. One of the great lessons which has been learned during the last ten 
years in particular, although the beginnings of the new knowledge dated farther back 
than that, was the recognition of the diversity of structure of the gliomas. In olden 
days it was thought that a glioma ran a rapid and usually malignant course, a matter 
of weeks or months. A patient, therefore, whose tumour history dated back over 
several years would be thought to have a meningeal tumour. His own experience had 
been to emphasize the fact that gliomata might present extremely long histories, and 
he had now twenty cases in which symptoms due to the tumour had been present for 
five years and upwards, the longest being seventeen years. This was on the average 
a longer history than was presented by dural tumours. In his benign gliomas the most 
common symptom had been epileptic fits, and this fact put considerable responsibility 
upon the clinician faced with fits commencing in a patient of adult life, for there was 
often nothing signatory in the type of fit to begin with. Fortunately most of these 
tumours showed some evidence (calcification) on X-ray examination, but it was only by 
contrast radiography, ventriculography, or encephalography, that one could make 
sure. It was important, too, that the filling of the ventricle should be complete, other- 
wise mistakes might occur. Mr. Jefferson then showed a cinema film, illustrating 
trigeminal involvement in acoustic neuromas. 


4. Dr. F. PaRKES WEBER related a Case of Glomus Tumour (Masson) of the pad of 
the left little finger in a woman, aged 50 years, which for twenty-five years had given 
rise to paroxysmal attacks of pain, spreading to the trunk, and sometimes waking 
the patient up at night. The microscopic examination, by Dr. Freudenthal, of the 
minute subcutaneous vascular nodule, after its excision, confirmed the previously 
suggested diagnosis. It was, in fact, a hyperplastic glomus or glomus tumour. The 
normal subcutaneous glomus was, according to Masson, a regulator of the local blood- 
supply. Luschka’s coccygeal body had a similar structure. Other peripheral circu- 
latory structures, apparently devised to serve special purposes, were the glomeruli of 
the kidneys, the ellipsoids of the spleen, and the erectile apparatus of the penis; they 
might be termed peripheral organs of the circulatory system. 

Members were obviously impressed that so far-reaching a discussion should have 
started from a spot on a lady’s finger-tip, but no one had anything further to 
contribute. 


5. Dr. HucH BarsBer described a typical example of the clinical syndrome of 
Laryngeal Vertigo described by Charcot. The patient, a healthy medical man, was 
troubled with an irritating cough for about ten weeks, which sometimes gave rise to 
dizziness and three times to brief coma. Dr. D. K. Apams briefly reviewed the litera- 
ture of laryngeal vertigo and described four cases of this disease, all seen in recent 
months. The generally accepted explanation of these attacks appeared to be increase 
in the thoracic pressure due to coughing accompanied by spasm of the glottis. Possible 
medico-legal aspects were discussed, and the observation was made that this syndrome 
might be an obvious cause of accident, and in some cases a possible cause of death by 
drowning. 


Srr Mavrice Cassipy agreed that laryngeal vertigo was not uncommon, but thought 
that the attacks were not induced by interference with respiration but by stimulation 
of the carotid sinus. Sir Epmunp Sprices also was of the opinion that the attacks 
were carotid syncopal attacks, and had seen them especially in stout middle-aged men 
who smoked excessively. Dr. EMANUEL had seen a case due to neoplasm of the lung. 
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Dr. Povutton believed that the attacks were due to the effects of coughing on the 
intrathoracic pressure and not on the carotid sinus. Dr. Hamitt pointed out that 
the matter could be easily and decisively settled by a few simple experiments on 
the patients. 


6. Dr. GEorFREY Bourne reported A Case of Rheumatic Meningitis. A man of 35, 
during an attack of acute articular rheumatism in which he developed pericarditis and 
a partial heart-block, was seized with the symptoms of meningitis. The cerebrospinal 
fluid-‘was under pressure, it contained 0-5 per cent. of protein, 0-05 per cent. of sugar, 
and 0-72 per cent. chlorides. The cells in it were 240 red blood-cells and 78 white 
blood-cells, of which 98 per cent. were polymorphonuclears. The fluid was sterile and 
the Wassermann reaction negative. The patient made a complete recovery. 


Proressor A. Patrick suggested that the man had had a subarachnoid haemorrhage, 
but Dr. W. 8. C. Copeman and Proressor K. D. WiLKINson supported the diagnosis 
of rheumatic meningitis of which each of them had seen two cases. 


Annual Dinner 


The annual dinner was held at the Midland Hotel. The President, Professor G. R. 
Murray, was in the Chair. The official guests included the Lord Mayor of Manchester, 
the ;Dean of Manchester, the Dean of the Medical School, and the Principal of the 
School of Technology. There were present 135 members and guests. 


Saturday, 10 a.m., Morning Session 


1. Dr. T. Izop BENNETT, discussing Prognosis in Nephrosis, said that nephrosis was 
such a rare condition that it was difficult to study sufficient cases to give a correct idea 
concerning prognosis. This was particularly the case because the milder cases tend to 
disappear from observation, and record was kept chiefly of the fatal ones. In ten 
years he had only been able thoroughly to study eleven cases, of whom four were alive 
and well although albuminuria had not disappeared in any of them. Of the seven who 
had died, only two had succumbed to pneumococcal peritonitis, and only one had 
become transformed into a picture of hypertensive renal failure and died of uraemia. 
The main object of his communication was to call attention to four cases which had 
died a sudden and apparently cardiac death shortly after their oedema had been 
relieved by treatment. In one of these it seemed that excess of potassium might have 
been responsible for the fatal result. In the others potassium had not been admini- 
stered. Hypertension was completely absent in all of them, and death had been very 
sudden and unexpected. 


A number of speakers, including the President, Dr. J. C. SPENCE, and Sir WILLIAM 
WILLCOox, commented on the occurrence of spontaneous diuresis and on apparent cure 
of oedema by intercurrent infection. Prorrssor A. W. M. Ettis, Dr. J. C. SPENCE, 
and Dr. R. Pratt had had much the same results as the opener, including some 
patients in whom albuminuria had completely disappeared, but they had not seen 
sudden death except in patients who were oedematous or who were taking large doses 
of potassium salts. Dr. ParKEs WEBER commented on the decline in frequency 
of the oedematous forms of Bright’s disease and attributed this to improvements in 
treatment. 


2. Proressor A. W. M. Extis described Heart Failure in Acute Nephritis. Symptoms 
of cardiac failure, ranging in severity from slight dyspnoea to acute cardiac dilatation 
with pulmonary oedema, occurred in the course of acute nephritis. In one hundred 
cases of acute nephritis which had come under his personal observation, twenty showed 
some evidence of heart failure, the condition being marked in nine. The presenting 
clinical features were shortness of breath, cyanosis, tachycardia, oedema of the lungs, 
and occasionally marked pyrexia, occurring in patients with acute nephritis exhibiting 
cardiac enlargement, and hypertension. It was suggested that acute nephritis was 
a widespread vascular disorder and that this vascular disorder was the most likely 
cause of the cardiac failure. The treatment was that of any case of acute nephritis, 
and in addition venesection, morphia, and strophanthin or digitalis. The outlook in 
these patients was generally favourable, both as regards the heart failure and the 
nephritis ; of the nine examples of severe failure reported only one was fatal. 


Dr. R. Piatt thought that it was an easy mistake to confuse heart failure in acute 
nephritis with the failing heart of chronic nephritis, and thus an unjustifiably bad 
prognosis might be given. Drs. McNEzE and S. GrauHam also spoke. 
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3. Dr. Stantey GRAHAM and Dr. R. T. FLETCHER (introduced) discussed the use of 
Hexamine in the Treatment of Chronic Pyuria. If the pH of the urine was maintained 
in the region of 5-5 during the period of treatment by the use of acid-producing salts, 
such as calcium chloride or ammonium chloride, hexamine gave good results. The use 
of a buffered salt such as acid sodium phosphate to reduce the pH was irrational, and 
probably explained the poor results obtained by some physicians. 


4. Dr. R. Puatr discussed Mandelic Acid and Ammonium Mandelate in the Treatment 
of Urinary Infections. Ina series of 35 cases of Bacillus coli infection only seven failed 
to clear up with mandelic acid treatment, and of these, six failed on account of renal 
inadequacy or other complications. The last ten cases of the series were treated with 
ammonium mandelate, which usually produces a satisfactory acidity without the 
addition of ammonium chloride. Many chronic cases recur after treatment, and the 
best way of dealing with these was discussed. It is recommended that acute cases 
should first be treated by alkalis and then with mandelic acid after the temperature 
has settled. Contra-indications to the treatment are (1) renal insufficiency ; (2) urinary 
obstruction (prostate, hydro-nephrosis, &c.); (3) idiosyncrasy—one case of which was 
described. In two cases with active nephritis no harm resulted to the kidney. 


5. Dr. R. R. BRAMWELL, introduced by Dr. J. F. Witxinson, reviewed The Treat- 
ment of Twenty-three Cases of Urinary Infection with Mandelic Acid. Of eighteen 
bacteriological and symptomatic cures after sodium mandelate, half were treated with 
ammonium chloride daily as acidifying agent and showed a consistent fall in the 
urinary pH. Half were given acid sodium phosphate, but the variations of pH suggested 
that the same results would have followed sodium mandelate alone. The opinion was 
expressed that good results with mandelic acid therapy do not always depend upon 
the value of the pH, but that a lower value gives earlier and more certain cures. Only 
one case showed normal bowel action; this intestinal dysfunction and its subsequent 
over-correction by purgatives were considered to lead to a diminished resistance to 
infection as well as providing a focus of infection. 


The PREsIDENT then pointed out that the Association was fortunate in the presence 
at the meeting as a guest of Dr. M. L. RosENHEIM, who had discovered this new and 
effective treatment with mandelic acid, and he asked Dr. Rosenheim to make a few 
remarks. Dr. Rosenheim thought that it was essential to obtain a low pH in the urine 
if results with mandelic acid were to be consistently successful. Causes of failure were 
urinary insufficiency; urinary stasis; and urinary infection with bacteria which 
fermented urea to ammonium carbonate and prevented acidification of the urine. 


Sm Epmunp Sprices pointed out that in patients with malfunction of the bowel 
cystitis and urinary infection were unusual; the cause of chronic pyelitis must be 
sought in disorders of the urinary tract and not of the bowel. Dr. E. P. PouLtton 
also spoke. 


6. Dr. G. Granam and Dr. H. E. Arcuer (introduced) reported EHstimations of the 
Excretion of Ascorbic Acid by Patients with Gastric and Duodenal Ulcers. These had 
shown that six out of eight cases were definitely in a sub-scurvy state. It was 
suggested that this might be responsible for the delay in healing of gastric ulcers, and 
possibly for the failure of patients to heal their wounds after gastrectomy. 


Srr WILLIAM WILtcox, Drs. L. G. Parsons, J. C. SPENCE, and PARKES WEBER took 
part in the subsequent discussion which ranged from the siege of Kut to purpura in 


pregnancy. 


7. Dr. E. ButMEr discussed Histidine in the Treatment of Peptic Ulcer. After a brief 
outline of the experimental work upon which the histidine treatment of peptic ulcer 
was founded, and a short consideration of the published results of treatment, the 
details were given of 126 patients who had been treated by the speaker. Immediately 
after the completion of a course of 21 injections, 73 per cent. of the patients were 
symptom free, 5 per cent. much improved, and 22 per cent. unrelieved ; 82 out of the 
92 patients who were rendered symptom free were traced, and it was found that 32 percent. 
remained symptom free after an average of 16 months, and 48 per cent. had relapsed. 
All the patients were treated under X-ray control, and in rather more than one-half of 
them abnormal radiological findings disappeared after one course of treatment. It was 
concluded that histidine treatment gave similar results to ambulatory treatment with 
diet and alkalis, but that it was contra-indicated in haemorrhage, stenosis, and large 
penetrating ulcers. 
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Dr. ButMER had reported his findings in a dispassionate manner, and had shown 
that protagonists of outpatient treatment of peptic ulcer by diet and alkalis would lay 
themselves open to a devastating counter-attack. The opponents of histidine therapy 
had therefore to fire their charges in the air, but this Dr. A. F. Hurst did to great 
effect, describing the introduction of histidine as a disaster which had destroyed a 
decade of work in educating the profession in the medical treatment of ulcer. Sir 
Epmunp Sprices thought that evidence that histidine had any effect on peptic ulcer 
was completely lacking, and he did not think studies on outpatients were likely to be 
of much value. Drs. Startine and Davin Smiru reported successful cases, but any 
tendency for the discussion to descend to the anecdotal level was fortunately prevented 
by the luncheon interval. 


2 p.m. to 3 p.m. 


Clinical cases at the Manchester Royal Infirmary and Demonstrations in the 
Histology Laboratory in the Victoria University. 


3p.m. Afternoon Session 


1. Dr. L. S. T. BURRELL made some remarks on the Sedimentation Rate, which was 
being used extensively, but chiefly as an index to the progress of disease. As a rough 
guide it was undoubtedly of value, but it was affected by many different conditions, 
and so too much reliance should not be placed upon it. Accurate readings seemed to 
depend on the length of the column of blood, and on variation in temperature, relation 
to meals, and to exercise. If the sedimentation rate was used as a rough guide in some 
long illness, such as tuberculosis, it was of definite value to follow out the progress of 
the disease. A rate steadily getting worse indicated the need for more rest, but many 
causes beyond the actual tuberculosis affected the blood. Vital capacity was really a 
more satisfactory way of following the progress of the disease. 


Dr. C. W. BucKLeEy believed that the results of the sedimentation test were better 
expressed by a curve than by figures. 


2. Drs. W. GoLpIE and G. J. GrirFiTus, introduced by Prorsssor L. 8. P. Davipson, 
reported an Investigation of 500 Persons Suffering from Acute and Chronic Rheumatic 
Diseases in regard to estimations of haemolytic streptococcal anhaemolysin and 
agglutinins and intradermal and intravenous tests for sensitivity to haemolytic 
streptococcal products. The results of these tests showed previous infection with 
Streptococcus haemolyticus to be much more frequent in patients with acute and 
chronic rheumatic diseases than in normal individuals. The results of intradermal 
tests carried out with the endotoxin of the haemolytic streptococcus were shown to 
depend on the stage of the disease at which the test was carried out, negative skin 
tests being found in over 90 per cent. of cases at a progressive stage, and positive skin 
tests in over 70 per cent. of quiescent cases. It was suggested that the skin test gives 
a measure of the response of the body to the endotoxin of the haemolytic strepto- 
coccus. 


Dr. C. W. BucktEy suggested that the difference between rheumatic fever and 
rheumatoid arthritis was a difference in the soil and not in the seed. 


3. Dr. K. Surrtey Smits illustrated the Radiology of Pulmonary Infarction by a 
series of films taken by portable X-ray apparatus. These skiagrams related to fourteen 
patients, of whom seven had died. Autopsies were obtained in six of these, and had 
established the presence of pulmonary infarction in each instance. The radiological 
findings were classified as (1) vague clouding of the base of the lung, suggesting basal 
pneumonitis of influenzal type; (2) density of greater or less extent, showing in serial 
films a liability to form cavities which might even suggest tubercle; (3) localized 
shadowing, giving the appearance of lung abscess ; (4) basal collapse of lung; (5) effusion 
either concealing early on the appearance due to infarct or being superimposed later 
on obvious intrapulmonary shadows; (6) linear shadows representing scars of past 
healed infarcts, or, if found soon after the onset, possibly representing changes due to 
thrombus formation. 


Drs. LANGLEY and BuRRELL suggested that these infarcts were often thrombotic 
rather than embolic in origin. 


4. Dr. R. Exxis, introduced by Dr. J. F. W1Lk1nson, reported on the Cardiovascular 
System in 152 Cases of Pernicious Anaemia. Cardiac dilatation and decompensation 
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might result from the higher grades of anaemia, resolving as the anaemia was treated. 
Cardiac enlargement might result from fatty degeneration or atherosclerosis, and was 
permanent. Blood-pressure tended to fall with anaemia, but recovered slowly. Very 
low pressures were unusual, but several instances of hyperpiesia were found. There 
were no characteristic changes in the electrocardiagram. Murmurs, when present, 
were systolic in time. The incidence of angina pectoris was no greater than in the 
general population in the same age group. 


There was some discussion on the definition of anginal pain in which Drs. Poutton, 
C. BRAMWELL, and W. Evans took part. Dr. W. Evans emphasized the need for X-ray 
control of the size of the heart. Drs. Imrie and UNGLEy also spoke. 


RULE XVI 


During the meeting Rule XVI, which states that communications shall be spoken 
and not read, was occasionally disregarded, especially by introduced speakers. Many 
protests about this practice were made to the Secretary, and in future speakers reading 
from a manuscript must expect an immediate expression of disapproval from the 
meeting. 


In view of the fact that this was the Thirtieth Annual General Meeting, the Executive 
Committee felt that it would be appropriate to publish a brief history of the Associa- 
tion, along with the Proceedings, and they are indebted to Sir William Hale-White for 
the following account. 


EARLY HISTORY OF THE ASSOCIATION OF PHYSICIANS 
OF GREAT BRITAIN AND IRELAND AND OF THE 
QUARTERLY JOURNAL OF MEDICINE 


Durinc the last decade of the nineteenth century Professor Kanthack, A. E. Garrod, 
and W. Hale-White had met together in order to find a means of issuing a medical 
Journal which should publish papers that were hardly likely to appeal to the mass of 
the profession, but which ought to be published as being concerned with the advance- 
ment of medical science. Before anything could be done Professor Kanthack died in 
December 1898, but the other two kept before themselves the possibility of issuing such 
a Journal as soon as a prominent figure could be found to replace Kanthack. The 
opportunity arose when Osler visited Oxford in 1904, just before he decided to accept 
the Regius Professorship of Medicine there. Garrod then spoke to him on the subject. 
Osler wrote from his ship to tell Garrod that he had accepted the Regius Professorship. 
Garrod replied that was splendid, for it would thus be possible to launch the proposed 
Journal. Osler wrote from Baltimore suggesting that a few likely to be interested 
should be approached. This Garrod and Hale-White did, securing the help of Herring- 
ham, Rose Bradford, Hutchison, and Rolleston. 

In May, 1906, the above six and Osler dined at Herringham’s house in Wimpole 
Street. After dinner Osler suggested the Clarendon Press as the publishers of the pro- 
posed Journal, and also the formation of an Association of Physicians of Great Britain 
and Ireland on the lines of the like Association in the United States. The members of 
such an Association would meet annually in various places to discuss Medicine. Not 
only would such an association lead to pleasant gatherings of physicians who otherwise 
might not know each other, but, if arrangements were made whereby members of the 
Association subscribed to the Journal, a circulation would be ensured for it. These 
two suggestions were adopted unanimously. Those present at this dinner, sometimes 
referred to as ‘the Gang’, wrote to Sir Richard Douglas Powell, the President of the 
Royal College of Physicians of London, and to the Regius Professors of Medicine at 
Cambridge, Edinburgh, and Dublin, to tell them what had been done, and to ask for 
their co-operation. They, after consultation with their colleagues, all said they would 
help. ‘The Gang’ then drew up a draft of the objects of the Association and sent it 
to Professors of Medicine throughout the country. The replies from all were 
favourable. 

From the first it had been decided by ‘ the Gang’ that the number of members of the 
Association should be fixed, for it was strongly wished not only to make it a distinction 
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to be a member of the Association, but to restrict membership to those who were 
actively interested in Medicine and might be expected to attend meetings regularly. 
Originally it was thought that a limit of 200 members would be best, but ultimately 
the figure was fixed at 250. Having obtained the adhesion of the Professors, ‘the 
Gang’ drew up a letter of invitation to join, and got the Professors to sign it and send 
it to all the acting members of the Medical Staff of hospitals connected with recognized 
Medical Schools, and to a select number of physicians not in this group, but interested 
in research in Medicine; nearly every one invited, accepted. Thus almost 250 joined 
the Association ; a few vacancies were purposely left so that there might be room for 
any who had been overlooked. 

‘The Gang’ had now only to propose Rules for the Association and to arrange for 
the first Meeting. In the Rules the objects of the Association of Physicians of Great 
Britain and Ireland were defined as being for ‘the advancement of Internal Medicine 
and the promotion of friendship among Physicians’. It was to ‘contain not more than 
250 Ordinary Members, who shall be Physicians actively engaged in the Teaching of 
Medicine, or in Research’. Provision was made for Honorary Members. The business 
of the Association was to be conducted by an Executive Committee consisting of a 
President, a Treasurer, a General Secretary, and twelve Ordinary Members. Each 
division of the kingdom was to be adequately represented on the Committee. A General 
Meeting of the Association was to be held once a year at either Easter or Whitsuntide. 
‘ General Meetings shall be held in University towns, and in towns which are the seat 
of recognized Medical Schools in England, Scotland and Ireland.’ ‘Scientific commu- 
nications shall be spoken, not read. No communication shall last longer than fifteen 
minutes.’ ‘No reporters shall be present and no report of the proceedings shall be 
sent to journals or newspapers.’ ‘A member who is absent from four consecutive 
General Meetings shall cease, zpso facto, to be a member of the Association.’ The 
annual subscription of 30s. from each member entitled him to a free copy of the pro- 
posed Journal. It will be seen that the object of the rules was to provide a friendly 
association of physicians who, once a year, should meet one another and discuss 
medical questions, without any thought of publication and without the tediousness of 
read papers. In order to foster keenness it was laid down that if a member was slack 
in his attendance, he must leave the Association. 

The first Annual General Meeting took place on Thursday and Friday in Whitsun 
week, May 23 and 24, 1907, at the rooms of the Royal Medico-Chirurgical Society, 
20 Hanover Square, London, W. 1. Sir Richard Douglas Powell was elected to the 
Chair, and the proposed Rules were passed as drawn up. The first Officers of the 
Association were then elected as follows :— 


President. Sir Richard Douglas Powell. 
Treasurer. Dr. Hale-White. 
Gen. Secretary. Dr. Herringham. 
Committee Men: 

England. Professor Clifford Allbutt. 
Dr. Rose Bradford. 
Professor Michel Clarke. 
Professor Dreschfeld. 


Professor Osler. 
Dr. Rolleston. 


Scotland. Dr. John Cowan. 
Sir Thomas Fraser. 
Dr. G. A. Gibson. 


Ireland. Professor Magee Finny. 
Professor Lindsay. 
Professor Little. 


Immediately after the two days’ medical programme arranged by ‘ the Gang’ was 
begun, the Members of the Association dined together at the Trocadero Restaurant on 
Thursday evening. The newly elected Executive Committee met after dinner, inviting 
Garrod and Hutchison to join them. It was agreed, on the motion of Osler, that 
negotiations should be opened with the Clarendon Press for the publication of the 
Journal, and that, if such negotiations were satisfactory, an agreement should be 
signed. Osler, Rose Bradford, Garrod, Hutchison, Rolleston, and Hale-White were 
appointed editors, and arrangements were quickly made with the Clarendon Press for 
the publication of what the editors decided to call the Quarterly Journal of Medicine. 
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A prospectus of it was posted to the profession. Papers were sent to the editors by 
contributors. From May 1906, for a year onwards, was a busy period for ‘ the Gang’, 
the Members of it meeting many times, always at each other’s houses. The President of 
the Royal College of Physicians, Sir Richard Douglas Powell, was untiring in his help. 
After the first General Meeting in May 1907 the members of ‘ the Gang’ became merged 
in the Association. 

The first number of the Journal appeared in 1908 and it has been published regularly 
every quarter ever since, even throughout the War. The editors always read each 
paper, often make drastic alterations, often reject altogether, and always meet 
quarterly to discuss each paper. During the Great War General Meetings of the 
Association were not held, but the Executive Committee then met once every year to 
receive the accounts and elect new members as vacancies arose. 





